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THE SILVER JUBILEE ADDRESS 

By Ihe President of the Society, Profbssor P. RAy, m.a., f.n.i. 

The occasion of a birth*day or a jubilee observance for an individual or a society 
is obviously one of rejoicing ; and more so in the case of societies where it is not 
mingled, unlike in that of individuals, with the disturbing thought of an approaching 
decay with age, followed ultimately by an inevitable physical annihilation. But it is 
also an occasion for retrospect and recollection, that permit us from a review of our 
past achievements and failures to discuss how best we can design the pattern of our 
future in order to fulfil the aims and objects of our Society. 

The aims and objects of a learned society like ours are primarily to encourage and 
foster the spirit of enquiry and original research through exchange of ideas and informa- 
tions between vvotkers in the same field all over the world ; to protect and develop the 
scientific life in our own country so far as the study of chemistry is concerned ; to 
promote the growth of a cultural fellowship among the chemists in general. Looking 
back upon the past twenty-five years of our existence and making a dispassionate analysis 
of our achievements and activities, we can discover little justification foi complacence 
or gratification. The standard of our publications has failed to reach the level which 
we might have not unreasonably expected from the number cf workers in various 
universities and research institutions of our land. Th^e was a time in the distant past 
of India’s history when she enjoyed the distinction of bein)g the torch-b^er of 
knowledge, both as regards the theories and practice of chemistry, simultaneously with, 
or in some respects us the historians suggest, earlier than, her sister-nations in Babylonia, 
Mesopotamia, Egypt, Greece, Arabia, Persia and China. Then with the loss of her 
freedom there came a dark age in her history, when she lapsed into a complete intellectual 
inactivity with absolutely no noteworthy record of her contribution m expeiimental 
sciences for several centuries. After the advent of the Biitish and her contact with the 
West, India gradually revived her interest in scientific pursuit with the establishment of 
universities and provision for teaching in expeiimental sciences. So far as our own 
branch of science, chemistry, is concerned, a short history of our activities up to the 
present time has been presented in the Jubilee brochure. These, as I have just remarked, 
have not been of the Older that might inspire confidence in a better or brighter future, 
^ow that India has regained her freedom, it should be the bounden dufy of all those of 
her sons, who devote themselves to the pursuit of science, not to spate any efforts so 
that she may once again make her own contipibution to the world’s stock of knowledge . 
and claim her rjghtiui position in the cultural and scientific confraternity of nations. 

It wilt not, therefore, be out of place to discuss here tfaO nature 6i our, present short- 
t;biii^g^and iinpeifections, and to suggest what apphars to me thq possible remedies for 
'It may i generally be stated without fear of contradiction that the bask 
'''ii§elpytS^rlM^^in'6ur0iiid6lsaiidc<^eg«r&6ar> below the standdrd aimed at, with 
sltfjlbii^’ joining the tpo(||;«gr8daate claasea qf ihe smitbrsity, sue 
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usually ill-equipped for an advanced bourse of study, to be followed by a training in 
research work. So, unless the feeder institutions hnparting training to the under- 
graduate and graduate classes are improved, it is idle to expect better finished products 
from the university. However much we may try we shall never be able to build a 
pyramid upon its apex. An imposing castle can never rest upon a loose foundation. 
It is well known that the training in our schools and colleges are imparted on a mass 
scale, and these institutions are mostly run on a commercial basis, with ill-equipped 
laboratories, by a body of ill-paid, discontented and inefficient teachers. This dearth 
of qualified and properly trained teachers can be attributed not only to unattractive 
emoluments, but mainly to the simple reason that bad materials are never known to 
yield good pioducts. For, students of today become teachers of tomorrow. This 
does not of course necessarily mean that there are no exceptions. 3ut we aie concerned 
here only with the average. The entire system thus gets vitiated through the perpetua- 
tion of a vicious cycle. It is a happy augury that with the establishment oi the National 
Government the State has realized the importance of science in the planning of national 
welfare and national reconstruction, and is ready to help the universities with financial 
assistance for a regular supply of trained personnel and research workers. Both the 
Government and the public have now appreciated the policy of suppoitiug scientific 
refearch as*a national investment. For the reasons set forth above, such support to be 
efiPective should, however, be distributed in a co-ordinated manner not only to improve 
the post-graduate and research trainings in the universities, but also to strengthen the 
basic scientific education in the schools and colleges For, a tree cannot be made to 
bloom and yield fruits unless it draws nourishment through its roots. Moreover, the 
universities and research institutions too suffer likewise from a dearth of capable and 
inspiring teachers and investigators, though, fortunately, most of their laboratories are 
more or less fairly well-equipped. The situation in this respect has been growing 
increasingly worse, as the few talented scientists, that the country could be said to 
possess, are being persuaded to leave the universities and research institutions for 
administrative, planning and organizational work under the Government. If science 
be deprived of the teachers and workers of creative gift and inspiring contact, whose 
influence and examples are sorely needed to guide the younger generation in the 
universities and colleges, science will never be able to grow. It might be said that 
many eminent scientists in U.S.A. and U.K. are engaged in administrative services of 
the State, devoted to planning, organization, supplies, publicity and information. But 
it should be remembered that India is not in a position to imitate U.S.A. or U.K., 
whose resources in material and gifted scientific personnel bear no comparison with 
those of India. The number of really capable scientists in India is too limited for her 
to spare any of them, without serious consequences to the progress of Indian science, 
for services other than that of teaching and research. 

I have just dealt with one of the factors calculated to hamper the progress and 
development of science, and particularly of cheqiistry in India. Another one, which 
to my mind is of no less significance and contributes to the same end, lies in the tendency, 
generally noticeable among the members of the puWic as well as am9ng -th® 
more enlightened quarters including a large body ' of scientists thouwalvaSi 
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to eiliertaia a coiifouadiag coDception regarding the relative importance of 
fundamental knowledge and its practical application. The people are genetally 
inclined to think that the material fruits of the application of science can be 
enjoyed without the cultivation of science itself. This is something like expecting a 
quick and increased return from a trade without adding to its capital. There can be 
no short cut to applied sciences with material benefits except through the thorough 
training in pure sciences. Sowing and reaping cannot go together. Attempts to train 
personnel in the practical application of science ou a background of imperfect education 
of basic or pure science can only give rise to a band of mechanical scientific workers, 
who will at most be able to mend what we have, but not to build what we want. It is 
therefore, inexplicable why this simple logic that a sound education in pure science 
should precede that of applied science is not readily recognized, except for the fact that 
the lure of ready profit and quick return is a stronger force than reason in human 
nature. But any attempt to invert the order can lead us nowhere, like putting the cart 
before the horse. As a member of the Selection Committee for appointment of lecturers 
for Government Colleges, on many an occasion I have had personal experience of the 
influence of such misconception on the part of the authorities concerned. A candidate 
with a degree in applied chemistry is generally perferred to one with a degree in pure 
chemistry, though somewhat better qualified from a consideration of his fundamental 
knowledge. Of the two candidates, for instance, one who has carried out some work 
on the extraction of citric acid form lemon, or tartaric acid from tamarind, or on the 
use of Bidyadhari (a river in Bengal) silt for making indigenous pottery, in none of 
which there is anything particularly new either in knowledge or technique, generally 
finds preference to one engaged in some research work, say, on the chemistry of hormoneUK 
sterols or bile acids. The reason advanced is, what is the use of trying to synthesise, 
or solve the constitution of a complicated organic substance, or of measuring the length 
and breadth of a molecule, unless it has got some profitable practical application. 
Science could never have grown if utility or a profit motive would have guided the labours 
of its investigators, or money would have been a measure of scientific knowledge. 
Chemistry would then have remained buried for all the time in the dark periods of 
alchemy. On the other hand, this should under no circumstances be taken to mean any 
discouragement to the application of science. For science, without application, would 
have remained in aristocratic isolation merely as an intellectual luxury or curiosity for 
the few, and would never have been able to make any contribution to the progress of 
humanity and to the alleviation of human suffering. What is really needed is a harmo- 
nious and oi'derly development of the t vo in their proper relationship. For, it is 
recognized that science is both knowlege and control. New application may often 
advance theoretical knowledge as much as new theory lays the basis for application 

In consequence of this inordinate predilection to researches made to order, obviously 
bom of jthe exigencies of war condition, but continued and encouraged even now on the 
plea of planning for development, there has been a general decline in the freedom of 
thiukiag, wiUiont which there cannot be any real advancement of fundamental knowledge. 
This>flfts atep’OOtttribtttedi in no small measure to retard research activities in puie science. 
If, tlMKefon, India is to take her rightfdl position in the world of science and render 
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useful service to humanity, she cannot aflford to ignore the cultivation of pure 
science. 

' No useful purpose can be served here by entering into a discussion about the 
ultimate object of science, which usually finds expression in two alternative forms viz., 
the advancement of pure knowledge or of material benefits to mankind. But it is indeed 
paradoxical that the greatest threat to the material welfare of men in this world arises 
from the practical application of science itself. The last two global wars furnish an 
unmistakable evidence to this end. What an unprecedented and colossal destruction of 
human lives and properties was wrought by the last world war, what enormous and 
staggering waste of materials and money had to be borne for its preparation and prosecu- 
tion, what widespread and untold miseiy and suffering, scarcity and starvation it has 
brought for the wounded and bleeding humanity, what dreadful poison of intense 
bitterness, hatied, conflict and moral degradation it has scattered over all lands, are too 
apparent to need any recounting today. It cannot be denied that this has all been 
possible through the practical application of scientific knowledge. Applied science has 
placed in the hands of man an immense power which he can employ either to satisfy 
bis passions and prejudices, his lust for position and greed for wealth, or to serve the 
humanity at large. But forces of egoism, pride and passions in this world often get 
stronget than those of charity, sympathy and service, and lead to the abuse of pqwer 
generated by the application of science. Need is, therefore, keenly felt today for a 
reorientation of applied science and its utilization for serving the fundamental human 
needs and advancing the causes of human welfare. It should ban and discard all 
researches on the production of increasingly more powerful super-weapons and ammuni- 
tions of war, and confine itself rigidly to the problems of food and nutrition, health and 
diseases, houses and shelter, clothings and apparels, travels and .transports, and in the 
production of cheap power that might be* utilized equally by all to meet their primary 
requirements. It is high time'that science should direct its efforts to improve the condi- 
tion of man himself, relating to his body and mind, in preference to that of his environ- 
.ment, which has been, more or less, its exclusive pursuit so long. The result is that 
there has been a marvellous improvement in the mateiial and external conditions of 
man’s life, but he has not been able to fit himself properly into these. He has 
released power from the material atom, which he fails to control with the power 
of his mind. This was more or less the reply which the Council of the Indian 
Chemical Society gave to the appeal addressed to them by the Committee for 
Foreign Correspondents of the Federation of American Snenlists on the subject of 
international control of atomic energy. The Council of our Society pointed out that as 
the scientists themselves cannot disown their responsibility in the production of atomic 
bombs and other dreadful weapons of destruction, they should first direct their attention 
to reform their own selves before trying to mend the world at large. If the scientists 
faH to keep their own house in order, they will forfeit all right to educate the public 
opinion of the woild. The Council of the Society, therefor^p, rightly suggested that the 
scientists of the world should organize themselves into an International Federation, every 
member of which should pledge himself that he will completely non-cooperate with all 
activities connected with preparation - of war, or with eitploitation and enslavement, of 
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human beingSi and that he will be prepared to undergo willingly all possible persecutions 
and sacrifices for this noble cause. In a word, science must not be allowed to become a 
victim of its technologists, as religion has often become the victim of its fanatics. 

We, the chemists of India, besides making our humble adventures into the vast field 
of fundamental knowledge of chemical science, can profitably diiect our attention to 
numerous practical problems of particular significance to our country, and of which 
facilities for investigation are readily available. A few of these may be mentioned here 
by way of illustration. India is known to be rich in mineral matters and’ vegetable 
products. She also exports a considerable amount of certain animal products of great 
technical value. These provide a wide field of fruitful investigation by the students of 
applied chemistry. 

Of the mineral matters, India possesses rich deposits of iron, manganese, aluminium 
and chromium ores. She has also got a vast deposit of nionazite sand, the rjchest in the 
world in its thorium content. There is also a limited deposit of copper ores m India. 
Among the other important minerals, which India may be said to possess in fair abun- 
dance, mention may be made of magnesite, lime-stone, marble, ilmenite, gypsum. Mica is 
another important mineial of which India is a major supplier for the world. Proper and 
economical working up of all these mineral lesources to supply India’s need and to add 
to her wealth will make a great demand on the practical application of scientific know- 
ledge of her chemists. 

Coal is another important mineial with which India may be said to be well supplied. 
A large number of jmportant industries dealing with solvents, disinfectants, synthetic 
dyes, perfumes, diugs and liquid fuels, which are based upon its utilization, are awaiting 
development in India. 

Industries dealing with silicates and refractories, particularly the glass and ceramics, 
are practically in their infant stage in India ; and there is a great demand for their rapid 
extension and development. 

India's wealth of plant products places her in a position of gieat advantage. From 
these she can obtain alkaloids, sugars, oils, fats, waxes, resins, gums, cotton, essential 
oils, etc. Her wood, bamboos and grass are also being utilized for the production of 
paper pulp. Many other subsidiary industries of considerable economic value may also 
be evolved from them. 

Among animal matters, bone and hide are the two most important materials of which 
India has a plentiful supply. These have not been sufficiently utilized till now. 

But in addition to these problems of common knowledge, which have long been 
before the Government, industrialists and scientists, I would like to refer here parti- 
cularly to a few others which are of primary importance for the health and well-being of 
the people, and to which little attention is often paid by us. 

Iud|& is suffering from a serious scarcity of foodstuffs for a pretty long time, and the 
Gpvernnient is advocating urgent measures for increased production by introduction of 
aritificial fertilizers and improved methods of agriculture. But we do not seem to attach 
due importance to the safety and preservation of the crops before and after these are 
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harvested. It has been shown that about 3-5 percentage of the world’s annual food 
production I particularly of cereals and oil seeds^ are lost due to attack by insects, fungus 
and rodents. This loss is, however, distributed iipevenly over different countries, depend- 
ing on climatic conditions and preventive measures employed. It is said that in Hast 
Africa this loss of foodstuffs amounts to neaily 30 percentage of their total production. 
I am afraid, the loss in India would be no less, considering its geographical position, 
climatic condition, and its failure to adopt proper and scientihe measures to minimise the 
loss. Researches aimed at the production of new and powerful insecticides, otherwise 
harmless enough to man and animals, and also at the development of methods which 
would ensure the safe storage of the grains, free from any fungoid growth, should 
engage the serious attention and efforts of our workers. 

Then again, there are very few places in India, which are not infested with mos- 
quitoes and flies. Mosquitoes are not only an intolerable nuisance, but some species of 
them are positively dangerous to men and animals, being carriers of malaria, filaria, 
kala-azar and other diseases. So are the flies and fleas. Measures for their extermina- 
tion and control should necessarily constitute an important item in the scheme of our 
national development. This also offers a field w^here the chemists can render valuable 
services. 

There is another formidable pest in the form of water-hyacinth, which is particularly 
characteristic of Bengal aud Assam. It has become a great impediment to agriculture 
and river communication in those parts of the country. No adequate measure has yet 
been devised to eradicate this pest. Development of some chemical methods for their 
extermination, or for inhibiting their growth and propagation, presents a very suitable 
subject of research. 

Finally, the utilization of many waste vegetable matter, such as bagasse, straw, 
coconut shells and fibres, jii^e-plant stalk,* etc., which by suitable chemical treatment 
might give rise to useful products in the form of cheap building and clothing materials, 
also comes under this category and deserves a close and persistent study by the workers 
in applied chemistry. 

In India today we need an intensive pursuit of science not only for the development 
of numerous resources of the country with a view to raising the standard of living of the 
people who arc proverbially poor, but also to make her own contribution in advancing 
the bounds of human knowledge. I need not dwell here on India’s achievements in the 
remote past, when she excelled many of her contemporaneous nations in arts, literature, 
philosophies, architecture and mathematics, and even in practical sciences like astronomy, 
medicine and chemistry. But we shall do well to recognize today that further advance- 
ment of human knowledge can only be made through the cultivation of science, and 
that we ^hould not waste our resources unnecessarily in other directions. For in arts, 
literature, philosophy and architecture we can at best imitate our fore-fathers of the early 
age, but never surpass them in their achievements. This is true not only for India, but 
for all other civilized nations as well. I might quote in this connection the wot^sof the 
eminent physicist. Sir Walter Rayleigh who, in course of in address as early as in r9ir, 
spoke as follows : 
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''The question is not by how much we can excel our fathers, but whether with toil 
and pains we may make ourselves worthy to be ranked with them. In the l^eautiful art 
which iiKxlels the human figure in stone or some other enduring nidterial, who can hope 
to match the Greeks? In the art of building who can look at the crowded confusion 
of any great modern city, with all its fussy and meaningless wealth of decoration, like a 
pastry cook s nightmare, and not marvel at the simplicity, the gravity, the dignity 
and fitness of the ancient classic buildings? How can the seasoned wisdom of life be 
better or more searchingly expressed than in the words of Virgil or Horafce, not to 
speak of more ancient teachers?’* 

What held good for 1911, holds today with an ever increasing significance. Science 
should, therefore, be pursued not only for the material benefits and advantages it brings, 
but also as the only possible avenue open to man through wdiich he can proceed to 
explore the regions of knowledge still unknown, in search for the ulliinate truth or 
reality which alone can give a meaning to human life. It goes without saying that this 
is the avowed objective of all learned societies, and we should particularly bear this in 
mind while celebrating the Silver Jubiliee of our Society. At the same time 1 may be 
permitted to remind the Government and the public that they owe a great debt to 
scientific inquirers and scientific workers for the manifold material advantages they enjoy 
today and hope to enjoy in ever increasing amount in future, and that they should 
consider it as a sacred duty to promote by all means the development of scientific training 
and scientific research in the country. For, constant blessings of science like constant 
pressure are apt to I cmain unrecognized. Let me stress this once again in the words 
of Sir Walter Rayleigh, from the address already refeired to, where he says : 

"it is so easy to use the resources of civilization that we fall into the habii of regard- 
ing them as if they were ours by right. They are not ours by right; they come to us 
by free gift from the thinkers.** 

I would now like to discuss here one of the burning problems of the day, with which 
we as scientists are vitally concerned. I mean the problem of the medium of instructions 
and expression for science in free India today. In my address at the last Annual 
General Meeting of the Society at Patna I dwelt on this question at some length, and 
I need offer no apology for reverting to it again on this occassion in view' of its paramount 
importance to the pursuit and growth of science in India, and in view of the fact that 
there is a state of indecision nay, if I may be permitted to say, a chaotic confusion 
about it in the minds of many including the scientists themselves. It is obvious that 
there are two main aspects of the problem which we need consider in a dispassionate 
manner. 

' In the first place, it goes without saying that training and instructions, in order to 
be easily grasped and readily effective, should be imparted in the mother tongue of the 
trainees, not to speak of the enormous waste of time and energy involved otherwise in 
learning a foreign language. On the other band, we should bear in mind that science is 
international in character and has developed through the co-operative efforts of all the 
workers of all the lands through all the ages. This co-operation occurs in the form of 
coQtacts and exchange of ideas, made possible through the publication of scientific 
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literatures aud journals. But the difference of languages stands in the way of an 
UBintexTupted and easy co-opeiation. So, these two aspects of the problem, relating to 
the growth of scientific knowledge, seem to conflict somewhat with each other. In 
Europe and America they have reduced this conflict to a certain extent thiough the 
adoption of more or less common scientific terms, symbols and nomenclature. Besides, 
the three main European languages, viz., English, German and French, in which most 
of the scientific results of the world are published, are intelligible to practically all 
prominent scientific workers, who take a good care to have at least a working knowledge 
of the two more languages other than his own. Let us now consider the conditions under 
which science has been cultivated in India. Little less than a century ago teaching of 
science was introduced in Indian colleges through the medium of English language. 
It might be said that the use of Knglsh was an imposition for the purpose ; but there was 
no other alternative, not only for the lack of scientific vocabularies and terminologies, but 
also for the simple reason of having no common language for India. As a result, 
the knowledge of science has remained till now confined to only a very small fraction 
of the educated class, who have had the privilege of scientific studies in the colleges and 
universities. Science has not been able to reach the mass-mind of the country. But, 
on the other hand, teaching of science through the medium of English has led to the 
great advantage of allowing it to be developed on an all-India basis, but for which there 
would have been possibly no Indian Chemical Society today, nor even the Indian Science 
Congress Association or the National Institute of Sciences of India. The leaders of 
Indian thought did not fail to appreciate the beneficial influence of English education 
in biinging about a political and cultural unity among the enlightened sections of the 
various linguistic groups, composing the vast population of this sub-continent ; and, in 
fact, they often played the part of pioneers and advocates for the spread of English 
education in the country. This contact wUh the western ideas and thoughts undoubtedly 
exercised a liberalizing infi^uence on the naturally conservative Indian mind ; and so 
far as science is concerned, it has produced in India within the last five or six decades 

some eminent investigators who have made outstanding contiibutions in their respective 

♦ 

field of study, aud have received theii due recognition in the world of science. 

Let us now examine the probable effects on our scientific activities and studies, 
that might follow from the replacement of English by an Indian Language as a medium 
of instruction. To begin wdth, we must not lose sight of the patent fact that till now 
India has got no common or national language of its own. Hindi or Hindusthani with 
nagn script has been suggested as the national lingua franca for the Indian Union. 

If science is to be taught and studied in a new or a national language, then we shall 
have first to coin scientific terminologies and symbols in that language. This is to be 
followed by the publication of text-books of^ various standards in different branches of 
science in the same language. It will evidently involve a prodigious amount of labour 
extending possibly over 8-ro years for a competent body of scientific and philological 
experts. Besides, we shall have to train a large body* of teachers in this i;ew system 
for every ijrovince. Let us consider in a dispassionate manner how far it will help lis 
in ' achieving our objective — the rapid "development of science in ^ India, on .which 
depends' the rapid industrialization of the country, leading to a hfgW' standard (if life' 
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for the common man. Under this new system the study of national language will have 
to be made compulsory for all the provinces in their schools, colleges and universities ; 
but in many of the non-Hindi speaking provinces, particularly of South India, Hindi is 
considered to be as much alien a subject as English. So, for these latter at least, 
substitution of Hindi for English as a medium of instruction will not even eliminate the 
wastage of time and energy involved in learning a foreign language. Then again, it is 
not likely to help us in popularizing the ideas and achievements of science qmong the 
masses. Because, for the majority of the population in non-Hindi speaking provinces, 
the national language will, for all intents and purposes, remain as strange as English 
today. They will not care to learn any new language other thau their provincial one, 
as they will have little occasion to make use of that. Under these circumstances, it appears 
that the replacement of English by Hindi or Hindusthani for study of science will not 
lead to any real advantage, but, on the other band, it is likely to produce a serious 
retardation to our progress. Then again, English has to be retained in any case as a 
compulsory secoud language in our schools, colleges and universities, if we do not want 
to isolate ourselves from the knowledge of scientihc progress of the world. We shall 
have to depend on English in order to consult the scientific literatures and journals; 
we shall have to publish the organs of our learned societies in English, if we want to 
maintain an exchange relation with similar societies of Europe and America undisturbed, 
and if we desire that our publications should receive due notice in the Scientific Abstracts. 
In fact, one of the most essential means of acquiring scientific knowledge, namely the 
exchange of ideas and contact of minds, will cease to exist for us, if English be banished 
from our courses of study. These are certainly weighty considerations which cannot 
be altogether ignored, if we do not intend to permit our national welfare and national 
progress to be anested by prides and prejudices. 

As I have said above, India has already acquired an international reputation in the 
scientific world and she can ill aSord to make any rash experiment with her system of 
education, which may retard the activities of her scientific workers. Our present 
system of scientific education -has been in vogue for near about three quarters of 
a century. Any radical change or transformation in it cannot be effected without 
arresting its progress for a while. I cannot express it better than in the inimitable 
manner of our revered Governor Geneial, who is considered as the wisest man in 
India today. His Excellency, in course of an address to the staff and i^tudents of an 
educational institution some months ago, was reported to have observed somewhat like 
as follows : 

*' Parts of a machinery cannot be altered if it is to be kept in a running condition. 
You cannot, in fact, make any major alteration in a railway engine when it is lunning. 
If you want to do that, you shall have to stop it altogether.*' Any further comment 
becomes superfluous. 

It will, therefore, certainly be of advantage to us to retain the international scientific 
terminologies and nomenclature unchanged and to continue to use English as the 
medium for the publication of scientific researches, as well as for discussion in all-India 
scientific bodies. For scientific instructions in schools and colleges provincial languages 
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migbt 'he liberally introduced fot the purpose ci explanaticm and exf^essioit doriog the 
leeHtff asd'Clhss works; this might be substituted by tb^ natioDal lingua franca in the 
Fest^Graduate Departments of the Universities, so as to meet the requirements of 
stttdente from different provinces. In any case, there should be a freedom of choice 
of language for the teacher, and compulsion should never be allowed to impair 
the efi^ciency of teaching. It may also be noted here in passing that well over half 
of the scientific publications of the world today appear in English, and there is a 
growing tendency on the part of the many European countries to publish their scientific 
results in English. 

Finally, I might be permitted to refer here to an unwholesome tendency, that 
seems to have been developing among the Indian Chemists, of segregating themselves 
into independent groups like the Institution of Chemists, Society of Biological Chemists, 
Society of Pharmaceutical Chemistry, etc. The last named body, it is reported, has 
recently duplicated itself into two new autonomous groups under the same name? This 
fissiparous mentality at the present state of development of chemistry in India cannot 
be conducive to its progress and healthy growth ; for, our resources, both in material 
and personnel, are rather strictly limited, and we can ill afford to fritter them away in 
this manner. I take this opportunity of appealing to the organisers of these bodies to 
consider seriously whether it will not be of real advantage and helpful to them to forge 
some organic link with the iiarent body of the Indian Chemical Society 

Though the Indian Chemical Society has not been able to attain the high standard, 
that we all hoped for at the time of its foundation, nevertheless, the very fact that we 
are celebrating our Silver Jubilee today after passing through the critical period of an 
all devastating war and its aftermath, is an evidence of its inner vitality, which will 
make us recognize in scanty results a call to>stronger efforts and urge us on to toil in 
faith for the fulfilment of ^our great objective, namely the advancement of knowledge. 
For, as our sages of the past have said, it is in knowledge that salvation lies. 

“inm wm ^ I” 

*'Jnanam labdha Paraam santim achiranadhigachchati.” 



[.lour, fiidian (’hem Soc- , \'ol. 26, No. 1, 1919] 

DISTRIBUTION OF MOLECULAR WEIGHT IN 
BAMBOO CELLULOSES 

By Jagdisij C. Aogxrwal.v and Joskfh I,. McCarthy 

The celluloses of baranoo wood ( Hendrocuhitnus utrirtHi) and also three previously isolated 
bamboo celluloses have been nitrated, then fractionated by solution or precipitation methods. 
'I'he degrees of ])olymeri/ation of the fractions have been estimated by a viscometri<’ method 

The average degrees of polymerization of the cellulose of the bamboo wood, snii of the three 
isolated celluloses, were determined to be about 1920, 1300, 776 and 1260 respectively. 

The distribution in molecular weight of the cellulose in bamboo wood, a monocotyledon a 1 
angiosperm. is found to be somewhat dififerent from that reported in the literature for the cellulose 
in the gyiunospcrms, hemlock and spruce. Celluloses isolated from mixed species of bamboo woods 
show complc,x molecular weight distribution curves 

Although there is iivailahlc considerahlc chemical and physical evidence 
(Kita and Azami, Crlhilosi' I mi. roivo, 1925, 1 , 162; Ogiiri, ibiJ., 1933, 
9, 59 ; /. Sac. Chem. Ind. /a/y ///, Suppl. binding, 1932, 35, 400), that the cellulose 
of bamboo wood is essentially similar in structure to that of cotton, 
no study of distribution of molecular weight of bamboo cellulose seems 
to have been carried out intpitc of the both theoretical and practical 
importance (Spurlin, ‘ Cellulose and Cellulose Derivatives”, edited by Emil 
Ott, Interscicncc Publishers, Inc., New York, N. Y., 1946, pp. 930 — 942) of 
this characteristic. Thus, in the present investigations the recently reported 
technique of Mitchell (///</. A’;/;', ( 'ihni., 1946, 38, 843) has been employed 
with bamboo wood to determine the molecular weight 'distribution of its 
carbohydrates. Three isolated bamboo celluloses, separated from wood by 
various procedures, have also been studied. 


Iv X }> E R t .M K N r A I- 

The internode portion of an old (about ten years) culm of 
bamboo wood iDcitdrocalnnm<; r//-/r//G), nearly 25 inches in girth, was reduced 
to fine shavings. Three unbleached bamboo celluloses were kindly supplied 
to the authors from sources in India. Cellulose A (from the Forest Research 
Institute, Dehra Dun. U. P.) was prepared from bamboo {Dcnd rocnlimii'i 
sindus) by a well-controlled ‘fractional digestion’ procedure (Bhargava, 
Indian Forest Bulletin, 1945, No. 129) using as reagents a mixture of sodium 
hydroxide and sodium sulphide. Cellulose B (from Bengal Paper Mills Ltd., 
Raniganj, Bengal) was secured from mixed species of Indian bamboos, also 
by a fractional digestion treatment with an alkaline aqueous solution. Cellulose C 
(from India Paper Pulp Company Ltd., Naihati, Bengal) was isolated from 
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mixed species of Indian bamboos by acidic digestion with a 4.5% solution of 
magnesium bisulphite. 

Nitration .— the bamboo wood and the celluloses were nitrated 
using a mixture consisting of HNO 3 (64% by weight), H.}P 04 (26%) and 
P 20 r, (10%). The methods of nitration, of stabilization, and of washing the 
nitrocelluloses free from nitrolignins and other non-cellulosic impurities were 
essentially those described by Mitchell Qoc. czt.). Weight yields of nitrate 
from celluloses A, B and C were 159, 157 and 155% respectively. 

Fracttoziatwn of Cettutose Nitrate,’— The cellulose nitrates obtained from 
bamboo wood and from celluloses A and C were divided into fractions 
having different molecular weights by a fractional precipitation method in a 
water-acetone system as suggested by Zurisch {C/ieni, 1940, 64, 269). 

The nitrate of cellulose B yielded eleven fractions by a fractional solution 
method (Mitichell, loc, cit^ using appropriate solvent mixtures of ethanol 
(95%) and ethyl acetate. 

Viscosity of Cellulose Nitrate Solutions , — Solutions of the cellulose nitrates 
were prepared at concentrations of 0.5 g. of nitrate per liter of C. P. ethyl 
acetate or C. P. acetone. The viscosity of these solutions was determined, 
usually at 20.5 ±01°, using Cannon-Fenske type viscometers ( 7 ;/^/. Eni^, Chem, 
Anal Jut., 1938, 10, 297). Since the viscosity of the dilute cellulose nitrate 
solutions tended to decrease on standing, a solution was rapidly effected 
and viscosities were measured without delay. 

Calculation of Dtgree oj Polymerization . — From the times of outflow from 
the viscometer for the pure solvent ( to ), and each cellulose nitrate solution (/), 
the relative viscosity ( '» 7 r ), the specific viscosity ( ), the intrinsic viscosity 

[> 7 ], and finally the degree of polymerization (D. P.) were calculated by use 
of the following relationships : 


1 t ^ 

^8P Vr - 1 = - - 1 

1 0 

1 |-A (v.p> 


( 1 ) 

( 2 ) 


D. P. = /vW ... ... (3) 

where the concentration of nitrocclhilose (c) is in g./lOO c. c. of solvent. 

The value of the constant " IC' was determined graphically for a particular 
cellulose nitrate-solvent system by plotting (.v,Jlc) against (’/.p) for different 
concentrations as suggested by Huggins i.Ind. Eng. Chem., 1943, 35, 982). These 
plots were found to be linear. The ratio of the slope to intercept in these 
plots, at the point of zero concentration, gave the value of It was found 

to vary from 0.312 to 0,350 for cellulose nitrate in ethyl acetate, depending upon 
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temperature and the extent and nature of impurities associated with the polymer. 
The constant K was taken as 100 (cf. Mitchell, loc. cit.'). 

An average degree of polymerization was calculated for the unfractionated 
celluloses from data secured from the several fractions by use of the relationship 

D. P. (Ave.) = ^^^^ ^ 

%(w) 

where 7a is the weight of a particular fraction and “D. P.” is its degree of polymeri- 
zation. 


Taut^k I 

Slndy of nttrattoiL" nf bamboo cellulose B, 


l^xpt. No. 

Amount of 
cellulose. 

Time of 
nitration. 

Percentage*’ 

yield. 


* Average 
D. P. 

T 

1 375 g. 

20 his. 

M3 5 

f) 182 

818 

ir 

1.375 


150 2 

0 500 

81.5 

in 

1375 

t 

151.0 

0 530 

882 

IV 

8.760 

(i 

167.2 

0.617 

877 

V 

8.750 

2 

155.0 

0.1R3 

820 

VI 

8,750 

0.5 

157.1 

0 521 

875 


* 111 all cases nitration was coiuluctcd at 20i:0.6° usini^ 850. g. of the nitratinp: acids. 

** Calculated on air-dry basis. The nitrak*-. frOni all experiments were* c ompletely soluble in 
ethyl acetate. 

5 Elllux time with C. P. ethyl acetate at 25''-= 2 30 min, ’Jsp is for 0.05^,', solution in ethyl 
acetate at 25". 

i Takinji: A'=«=100 and — 0.35. 

Tap.lk II 


Fraciionnlio7i of nitrocellulose * from bamboo 7000(i. 
("umulative 


Fraction 

number. 

amonut of 
water added. 

Wt. ol 
fraction 

Cumulative 
wt ppted. 

•♦Efflux time for 
viscosity. 

D P 

I 

51.U e.c. 

0.2103 n 

15.92 % 

01.76 min 

2328 

n 

63 0 

0,1 no 

26.73 

5 92 

2030 

111 

78.0 

0.1805 

ll Ol 

5 31 

1805 

IV 

100.0 

0.2781 

62 06 

6 06 

1680 

V 

125.0 

0.1512 

73.48 

1.78 

1560 

VI 

150.0 

0.1250 

82 89 

4.25 

1285 

VII 

175.0 

0,0380 

85.78 

3.70 

975 

VIll 

200.0 

0.0768 

91.60 

3.28 

710 

ixx 

Not. pplcd. 

0.1121 

100.00 

2.95 

482 


Total 1.3243 

* Total amount of material used for fractionation by precipitation at 2L" was l.3281p;. in 
426 c.c. solution. 

*'*■ Efflux time is for 0.06% solution in C. P. ethyl acetate at 20.60®. Efflux time for C. P. ethyl 
acetate itself was 2.34 min. 

t D. P. was calculated using value of A'"' =0.33 and A'—lOO, 

X Last fraction obtained by evaporation of the solution to dryness on a water-batb. 
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Table 

in 




Fractionation of nitrocellnlose^ from bamboo cellulose A. 



Cumulative 





Fi action 

amount of 

Wt. of 

Cumulative 

♦♦Efflux time 


number. 

water added. 

tiaction. 

wl ppted. 

for viscosity. 

to P. 

I 

35.0 c e. 

0 0826 g. 

6.80% 

6 62 min. 

2205 

II 

37.0 

0 1281 

111 80 

6.31 

2100 

JII 

42.0 

0 23 to 

31 25 

6.74 

1893 

JV 

49.0 

0 2966 

62 07 

6.17 

1655 

V 

63.0 

0.1692 

63 24 

4.66 

1416 

VJ 

62.0 

0.1616 

73.87 

4 27 

1220 

VII 

72 0 

0.0676 

77.91 

3.54 

802 

VIII 

82.0 

0.0399 

80.71 

3 28 

635 

TX 

95.0 

0.0462 

83.96 

3.05 

479 

X 

115.0 

0.0986 

90.88 

2.88 

368 

xi: 

Not ppted. 

0.1310 

100.00 

2.60 

165 


Total 

1.4252 




* IVal 

amount of material used for fractionation by preci 

pilatioii at 22'’ ^1 4266 R. in 320 

e.c. 

solution. 





Eftlux time is for 0 06% 

solutions in i\ P. cthjl acetate at 20 6°. dllux 

time tor 

C. P. ethyl acetate itself was 2 42 mini 




r D. P. 

was calculated on the basis of If— 100 and A"'«=0.33. 



+ Last fraction obtained by evaporation of sohition to drynees on a water-bath 




Table 

IV 




Fractionation of 7ittr6cellulose^ from bamboo cellulose B. 



Solvent mixture 






composition* * 

W cif^ht 




Fraction 

Ethyl Ethyl 

of 

Cn miilated 

1 tEfflux 


number 

alcoholt acetate. 

fraction. 

wt. dissolved 

time. 

:d. P. 

T 

l.GO.OO 0 0 

0 1600 fr. 

1.66% 

2 35 min. 

22 

ir 

70.00 30.0 

0.1 too 

2.09 

2.35 

43 

in 

60.00 40 0 

0.0535 

3 39 

2 66 

217 

IV 

60.00 60.0 

0,3815 

7.12 

3.12 

032 

V 

46.00 66.0 

1.2885 

19 67 

3.21 

697 

VI 

12.00 68 0 

1 7621 

36 67 

3 25 

722 

VII 

40.00 60.0 

1.1J69 

47.64 

3.27 

736 

vin 

37.00 63.0 

1.6350 

63.44 

3.40 

820 

IX 

35.00 65 0 

1 7003 

79.86 

3,48 

870 

X 

32.00 68.0 

1.492^ 

04.31 

3 68 

930 

XI 

30.00 70 0 

0.6613 

100.00 

3.64 

960 

*Total 

amount of material used for fractionation by solution method at 26°= 

= 10.0 g. 

♦♦Composition is by volume. 





-|^6% ethyl alcohol was used. 





tt Efflux time is for 0.05% solution in C P. ethyl acetate at 

26° except for fraction I, for 

which it is for 0.1% solution. 




tT>. P. was calculated using X'— 0.36 and X— 100, 
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Table V 

Fractionation of nitrocellulose* from ba?nboo cellulose C, 


Fraction 

Cumulative amount 

Weight of 

Cumulative 

**Efflnx time 

tD. P. 

number. 

of water added. 

fraction. 

wt. ppted. 

for viscosity. 

r 

38 0 c c. 

0.2036 p. 

I4 86"., 

3.66 min. 

1890 

II 

39.0 

0.0680 

19.73 

3.62 

1796 

HI 

41 0 

0.0976 

26 73 

3.39 

1706 

TV 

43 0 

0.160,5 

38 38 

.3.14 

1512 


4«.0 

0.1237 

t7 26 

3.00 

1390 

VI 

49 0 

0 1 13 1 

67.56 

2 89 

1285 

VII 

64.0 

0 1112 

66.77 

2 85 

1246 

VITT 

60.0 

O.LSIO 

79.09 

2 82 

1215 

IX 

70 0 

0.1066 

86 6S 

2 31 

587 

X 

100,0 

0 0630 

90 48 

2.20 

416 

XTj 

Not ppted. 

0.1323 

100 on 

2 08 

no 

^Total 

amount of material used 

1.3921 

for fractionation by precipitation at 22*=1.3720 g in 

320 

c, c. of solution. 

time is for 0 05% solution in P. 

acetone at 20 5®. 

Etllnx time for C. 

P. acetone 


nt 20.6® was 1 97 min 

‘•“O. P, was calonlated on basis of K^\00 and JC=0 168. 

tLast fraction obtained by evaporation of the solntion to dryness on a \^ato^ bath. 


Discussion 

Since Berl and Rueff iCe/lulo^ecliem,, 1931, 12, 53 ; 1933, 14, 115) showed 
that cellulose could be nitrated and renitrated without appreciable dcpolymeri- 
zation by use of a nitrating mixture containing phosphoric acid and phosphorous 
pentoxide but no sulphuric acid, a readily carried out method has been at hand 
whereby cellulose can be converted into a soluble nitrate amenable to molecular 
weight distribution studies by use of well-known techniques for fractionation and 
for molecular weight determination 

To secure undegraded and yet completely soluble cellulose nitrates, 
however, the nitrating reaction must be properly conducted. Thus* in the 
present investigation, cellulose B was nitrated under a number of reaction 
conditions and for each cellulose nitrate prepared its weight-yield, solubility 
in ethyl acetate, and its average degree of polymerization were determined 
(Table I). Since all nitrates were entirely soluble in ethyl acetate, the 
reaction conditions giving the highest degree of polymerization (/ e. Expt. VI) 
were those chosen and used in subsequent work with the isolated bamboo 
celluloses. Bamboo wood was nitrated using Mitchell’s conditions {hr. citi). 

The weight-yield of cellulose nitrate obtained from bamboo wood was 
91.2%, calculated on an extractive-free basis. With hemlock wood Mitchell 
(Joe, citi) obtained a yield of 120- 130% under identical conditions, while for 
pure cellulose the yield should be 180%. Extractive-free bamboo wood 
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( Dendrocalamus strictus) has been reported to contain on the average 64% of 
Cross and Bevan cellulose (cf. Bhargava, loc ctf.'). Had all this cellulose in 
the bamboo wood been recovered as cellulose nitrate, the weight-yield expected 
is about 115%. The deviation of the actual yield from this theoretical value 
suggests that some of the carbohydrates in bamboo wood, which are isolated 
as Cross and Bevan cellulose, differ in characteristics from those in hemlock. 
The yields secured on nitration of the isolated bamboo celluloses were also found 
to be less than those anticipated from theory. 

The nitrates obtained from bamboo wood, and from celluloses A and C 
were fractionated by the precipitation procedure of Zurisch (loc. ctl.), in prefer- 
ence to the solution method of Mitchell (loc. ctl.) used earlier with the nitrate 
of cellulose B, because the latter technique was time consuming and since 
gelatinization occurred which gave rise to difficulty in separating liquid and 
solid phases. With Zurisch ’s method, the extent of precipitation at a particular 
state of the system was found to be quite reproducible. The average degree 
of polymerization of the celluloses in several fractions was estimated by 
viscometric procedures. 

By integration of the fractionation data (Table II), the average degree of 
polymerization of the celluloses from bamboo wood was calculated to be about 
1620, which corresponds to a molecular weight of about 260,000. This is con- 
siderably less than Mitchell’s (loc. ctf.') average value of 2000 found for the 
carbohydrates of Western hemlock wood ( Tsuga hcterophylld). but higher than 
that of Atchison (Paper Trade ./, 1943, 116, No. 22, 23-34) of 1450 for 
holoccllulose from spruce wood (Picea manana'). 

However, with respect to distiibution of molecular weights (Fig. 1), 
the celluloses of hemlock (Mitchcl, loc. cit ) and spruce (Atchison, loc citP) 

I*'iG. I 



woods are about entirely either of rather high (more than 2000) or else quite 
low (less than 500) degree of polymerization, with intermediate celluloses being 
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present only in small proportion. On the other hand, nearly 65% of the 
cellulose from the bamboo wood are found to be of intermediate degree of 
polymerization (500 to 2000), with only about 10 and 26% being of lower and 
higher, respectively. Two maxima in frequency of distribution are observed in 
the higher range. Molecular weight distribution diflFerence between the 
carbohydrates or cellulose of bamboo and those of hemlock and spruce may 
arise because of diflFerences in botanical characteristics of hemlock and spruce 
as gymnosperms, compared to bamboo as a monocotylcdonal angiosperm. 

Isolation of cellulose from woods by use of aqueous solutions of alkaline 
or acidic reagents to accomplish delignification usually is accompanied by the 
dissolving into the aqueous reagent solutions of some low molecular weight 
carbohydrates ; thereby the average molecular weight of the remaining isolated 
cellulose tends to be higher than that of the total carbohydrates originally 
present in the wood. This isolation procedure simultaneously tends to depoly- 
mcrizc the carbohydrates and may alter them in other ways. Both tendencies 
will be reflected in the distribution of molecular weights in isolated celluloses. 
Fractionation data for cellulose A is given in Table III. The differential 

Fig. 2 



A— Bamboo wood. 
B— Cell 111 0*50 A 
C~ 1)0 C 

1>- Do B 


distribution curve found for bamboo wood carbohydrates compared with that 
for cellulose A (Fig. 1), both from Dendrocalamus sirictus, shows a general 
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shifting of the iurve to somewhat lower levels in degree of polymerization 
as might be expected from hydrolytic influences acting during the isolation 
reaction. This trend is affirmed by the average degree of polymerization of 
about 1350 found for isolated cellulose A compared with that of about 1620 
found for the cellulose of bamboo wood. Bamboo cellulose B appears to 
have been markedly reduced in average molecular weight in the course of its 
isolation from mixed species of bamboos under alkaline conditions (D. P. = 775), 
while the acidic conditions of delignifications used to secure Cellulose C did 
not yield serious decrease in degree of polymerization (D. P. -1260'. The 
complex trends in the integral molecular weight distribution curves for cellulose 
B and C (Fig. 2) are probably to be traced to the fact that mixed species of 
bamboo wood were used for preparation of these celluloses. 
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PRODUCTION OF JOSHI EFFECT IN SULPHUR DIOXIDE 
UNDER SILENT ELECTRIC DISCHARGE 

Rv (\. vS. Deshmukii and U. S. Dhau 


Under ozoni^^cr dischni-f^e SO. showB a marked negative Josh i e^pri (33% at maximum). At 
constant applied kV. it decreases with pressure beyond a certain limit. At constant p increase 
of kV decreases it. Positive Joshi ef^ ect is observed allow kV. It decreases precipitously 

by a small increase in kV ; further increase first abolishes it and then inverts it to — Ai. ’Ageing* 
under discharge diminishes the effect markedly due to SO, condensation from SO^ decomposition, 
since a pre-formed SOj film inhibits —At in 80.^, that of NaOH enhances it. Results support 
.Toshi’a theory of the surface origin of the phenomenon. 

Soon after the discovery of the negative Joshi effect — ^ t (Joshi, Proc, 
Indian S>/. Comj., 1943, Part II, pp. 70-75), an instantaneous and reversible 
photodiminution of the current / in a number of elementary gases, the positive 
Joshi effect, + A /, was observed in iodine vapour in the presence of a surface 
film of KI and KI3 (Joshi and Murthy, Proc, Indian Set. Con^., 1942, Part III, 
p. 64), in nitrogen peroxide (Joshi and Visvanathan, ibid., p. 66), oxygen (Joshi 
and Cherian, ibid., p. 58) and bromine (Deshmukh and Sirsikar, /. Amrr. ( hew, 
Soc., communicated). The presence of impurities and ‘wall effect’ in electrically 
excited system had a marked influence on the production of the Joshi effect 
(Shukla, Proc. Indian Sci. 1948, Part III, Chem. Sec., p. 12). Sulphur 

dioxide gas under silent electric discharge was found to produce as decom- 
position products, annular films of sulphur trioxide and sulphur, in addition to 
the undecomposed gas, oxygen and two other unidentified solids (Joshi and 
Sharma, /. chim. fihyw, 1943, 31, 511). It was of interest therefore to extend 
the observations of the phenomenon to sulphur dioxide gas and to investigate 
the r(Me of its products of decomposition on the production of the 
Joshi effect. 


X P K R I M K N 'r A L 

The general arrangement of the apparatus and the electrical circuit 
employed are shown in Fig. 1. Sulphur dioxide gas was prepared by the action 
of concentrated sulphuric acid on sodium bisulphite in A. The gas was led slowly 
through a scries of tubes charged with P2O5 and CaCli>, and stocked in the 
reservoir R. It was next purified by freezing it in the traps Di and D2, cooled 
by liquid air. The uncondensible portion was removed with the topler. The 
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condensed SO2 in Da was then allowed to evaporate. The first and the last 
fractions of the gas were rejected ; the middle fraction was stored in R. 


Kig. 1 



The discharge was produced in the annular space of a Siemens’ type (glass) 
ozoniser ; two such ozonisers were used (see Fig. 1). The ozoniser was con- 
nected through the drying tubes to the reservoir R by proper manipulation of 
the taps T4 and T5, and directly to the mercury manometer and the tbpler 
through the tap Te. A given series of experiments was commenced only after 
the entire assembly had maintained a satisfactory vacuum for at least 48 hours. 

The ozoniser was excited bj’ a transformer discharge of 50 cycles frequency 
in the primary supply. The primary potential V (except when too low) was 
recorded with an A. C- voltmeter ; the secondary potential in kilo-volts 
(r. m. s.) kV, was calculated from a knowledge of V and the step-up ratio of 
the transformer, viz., 267. The system was irradiated transversely to the 
ozoniser axis, by operating a shutter between it and two 100 watts incandescent 
(glass) bulbs run at 220 volts. The inner electrode of the ozoniser was con- 
nected to the transformer secondary ; the other was earthed. The discharged 
current, i, was measured with a milliammeter or a reflection type galvanometer 
actuated by a metal-oxide rectifier, introduced in the low tension line of the 
ozoniser circuit. From observations of the current rb , when the ozoniser was 
screened from the light, and when exposed to it ri,, the net joshi eflfect. A/’, is 
given by to - ri, ; its relative value % a is 100 A tliu . 
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As found by Joshi and Sharma (^loc, ci/.) the dielectric strength of SO2 
was high. Decompositions were produced therefore at moderate gas pressures 
within the range of 9 to 180 mm. up to 8 kV applied to the ozoniser. The general 
progress of the decomposition, as followed by the pressure- time observations, 
showed a progressive but small fall of pressure during the initial and limited period 
of exposure to the discharge. Further continuation of the discharge resulted in 
a state during which the pressure decreased extremely slowly. In agreement 
with the results of Joshi and Sharma iloc.c/f) the decomposition under silent 
discharge of SO2 gave SO3, free sulphur, oxygen and traces of two solid products 
(not identified). 

The procedure in respect of observations of the Joshi eflfect in SO2, as 
indicated by the general results mentioned above, was as follows : The purified 
gas was admitted into the annular space of the ozoniser at a low pressure. 
The values of 20 and were then noted at a series of increasing applied 
potential kV. This was changed to the next higher value only when the rate 
of decomposition became negligibly small as judged by the (sensible) constancy 
of the pressure of the decomposition mixture. Thus during the first series 
of results under Table I, the extent of decomposition of SO2 corresponded 
to a pressure change of only 1.5 mm. i.e. about 6.2%. The contents of the 
annular space were tdplered out and a fresh sample of the purified gas (from 
the same stock as before) was introduced at a pressure slightly higher than 
the previous value. Results for / d, n., A /and % a/ were recorded once more 
(at 30 mm.), until, as in the previous series, a state of practically arrested 
decomposition ensued ; the final pressure diminution now produced was 6 mm. 
i.s. 20% of the initial pressure. After this, once again the gaseous products 
were tdplered out, fresh SO2 introduced at a higher pressure, and so on, in 
successive series. Table I contains data of one of a number of groups of such 
results obtained. For want of an A. C. voltmeter during this stage of work, 
results arc given for the total ozoniser current in milli-amps, niA. These 
values served as an index of the corresponding variation of the actual potential 
applied to the ozoniser. 

The scries of data in Table II were obtained in a way similar to that 
followed in Table I. The ozoniser now used was different from that in Table I ; 
its electrodes were fitted with a ground joint, instead of a sealed one (as in 
Table I). In this series the pressure of SO2 was increased progressively over 
the range of 9 to 47 mm., the exciting potential being varied from 1.8 to 8 kV, 
Table II is typical of a series of results in which the positive Joshi effect {t,e. a 
photo-increase of the current /) was observed at low exciting kV. 

For reasons explained later, it was of interest to investigate the production 
of Joshi effect in SO2'' in presence of certain annular films, viz., sodium sulphate, 
sodium hydroxide and mercuric chloride. For this part of the work a new 
ozoniser (jnde infra), also fitted with a ground joint, .was employed. The 
inside surface of the outer tube and the outer surface of the inner tube were 
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smeared carefully with concentrated aqueous solution of each of the above 
substances. The electrodes were then fitted together and the entire system 
exhausted slowly but completely over the topler. Purified SOo was then admitted 
in successive samples at increasing pressures and /d, /i. , and % were 
observed with each electrode film as described in Table II. These results for 
the three films mentioned above, in contact with SO2 in the pressure range of 
16 to 60 mm. and excited under the discharge at 1 to 6 kV, are recorded 
jn Table III. 


Tarlk I 
Ozoniser A 


Initial 

press Are j) of 

^21 mm. Diminution in •p 

-1.5 mm.. 6.2%. 


(in niA). 

/D. 


A/. 

% A/. 

0.0 1 

84 

0 4 

-2.0 

-24 

0.00 

15.6 

13.0 

-2.0 

-13 

0.10 

35.6 

32.6 

-3.0 

-8 t 

0.16 

02.0 

58 0 

-34 

-5.4 

0.20 

82 0 

76 0 

-6.0 

-7 

024 

99.4 

95.1 

-40 

- t 

0 20 

10Q.4 

lOt.l 

-5.0 

-4 5 

0 30*- 

129.0 

125 0 

-4.0 



Initial i? of SO_ - 

JlCfmm Diminution in ;> = l 

1) mm . 20% 


0 10 

1 5 

1 0 

-0 5 

-33 

0.20 

12,0 

10.0 

-2 0 

-7 

0.20 

14.0 

12.0 

-2.0 

-n 

0.30 

27 0 

23 5 

-3.5 

-13 

034*' 

32.5 

30.0 

-2.5 

-8 


Initial p-=56 inm. Diminiilion in p-=-8 mm., 16% 


OOl 

7.2 

6 6 

-0.6 

-8 

0.00 

16.0 

14.4 

- 0.0 

-3 6 

0.C8 

23.0 

22.2 

-0.8 

-3 

O.IO 

34.0 

33.4 

-0.0 

0 

0 14 

63.4 

53.0 

-0.4 

-1 

0.16 

02 0 

61.8 

-0.2 

-0.3 

0.18 

71.2 

71.0 

-0.2 

-0.3 

0.20 

79.8 

79.6 

-0.2 

-0.26 

0.24" 

106.4 

105.4 

... 

... 


* DdcomposiHou products were toplered out at this stage and fresh 80a from the same stock 
was introduced. 
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Tabue 

11 





Ozoniser 

B 




i nitial p of SO. 

^^9 mm. Diminution in^ 

- 1 mm , 1 1 


kV. 

f (m.\). 

/n. 


IL 

A/. 

A /. 

1 8 

O.Ofi 

21.4 


25 0 

+3.6 

+ IT 

2.3 

0.08 

28.0 


30.0 

+2.0 

+7 

3.2 

0.10 

37.0 


37.0 

... 

... 

4.5 

0 12 

•15 0 


•II.O 

-1.0 

_ 2 

5 3 

O.ll. 

55 [ 


51.0 

1 1 

-2.5 

5.0 

0.13 

67. 1. 


66 0 

1 1 

0 

H.2 

0 18 

73.0 


72.1 

-0 () 

0.8 

3 0 

0.20 

81.0 


83 1 

-n.ti 

-0.7 


0.21 

9S.0 


98.0 


... 


Initial p— 18 nim. 

Diminution in 75 — 2 

mm., ll'V. 


1.3 

0.04 

16 6 


is.(i 

+2.0 

+ 12 

2.1 

0.00 

28.0 


.Ti.n 

+3 0 

+ n 

2.7 

O.OS 

13.6 


•17.0 

1 3.1 

-1 « 

I.l 

o.io 

61.0 


r.i.o 

... 

... 

4.0 

0.1 1 

73.6 


71. f. 

-2.0 

- 3 

5 0 

0.16 

85.6 


ftO.O 

- 5.0 

- 6 

6.5 

0.20 

112.0 


lO'J.O 

- 9.0 

— 8 

6.0 

0.22 

1220 


1 1 B.O 

-6 0 

- 5 


Occomposition products wore ti'iplcrcd out at this Ptaire niid frosh from the bjime stock 
was introduced. 

At successive higher i)ressnrcs of SO (/. e. 12 mni., 47 mm. etc") the Joshi ctlcct was not 
observed. 


Table III 


Ozoniser C fwitli a coat of Nao SO4). 

Initial p of S()o~lH mm. Diminution in p=2 mm., 12.5^0. 


kV. 

f (m.\). 

/n. 

io. 

Ai 

%Ai. 

1 7 

o.oi 

22.0 

19.1 

-2.6 

-12 

2.5 

O.OS 

38 6 

37.8 

-0 8 

- 2 

4.2*' 

0.12 

56 4 

56.4 

... 

... 


Initial p of S( ) 1 

;==3l mm. 

Diminution in p— 7 mm., 

22.6% 


1.6 

0.01 

11.6 

9.6 

-2.0 

-17 

2.8 

0.08 

36.0 

.34.6 

-1.4 

' -1 

3.9 

0.12 

6B.0 

55.0 

-1.0 

- 2 

4.8 

0.10 

82.4 

81.4 

-1.0 

- 1 

5.6* 

0.20 

103,0 

1O.3.0 

••• 

f 
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Table III (contd.) 





Ozoniser 0 (with 

a coat of NaOH) 




Initial 

p of SOo“26 mm. 

Diminution inp = 2 mm , 

> 7.7% 


kV. 

/ (raA) 


iL. 



1 

0 04 

20.0 

17.0 

- 3.0 

- !5 

2.1 

O.f 8 

41.0 

35.0 

- 6.0 

-U 

2 s> 

0,12 

6S.0 

68.0 

-10.0 

-1 1. 

4.0 

0 16 

90 0 

71.0 

-19.0 

-21 


0 20 

11 1.0 

9S.0 

-13.0 

-12 

* Decomposition products were toplered out at this staije and fresh vSO« from 

the same i 

introduced. 







Initial of SOo = 59 mm. 

Diminution in p=“9 mm. 

. 16.2% 


2.3 

0.0 i 

16.0 

14.0 

- 1 0 

- 7 

20 

0.08 

38.0 

32.0 

- 6.0 

-16 

3 7 

0.12 

60 0 

57.0 

- 9.0 

-1 t 

4.7 

0.10 

90.0 

79.0 

-11.0 

-12 

5.7*' 

0.20 

129.0 

123.0 

- 6.0 

- 6 


Discussion 

Tables I to III and Fig. 2 which contain but typical results, show that 
both the positive and (the more familiar) negative Joshi effect, ± A/ arc 

Fig. 2 



produced in SO 2 under ^electric discharge. It is seen that at a constant applied 
kV the Joshi effect is fiifst increased and then reduced by increasing the gas 
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pressure, />. Thus at a kV corresponding to 0.1 mA (see Table I) the 
relative Joshi eflFect, %A/, increases from 8 to 30 as p is increased from 24 to 30 
mm., a further increase of pressure to 55 mm. reduces %a/ to 2.0. The relative 
effect was maximum at low exciting potential and decreased by increasing the 
applied kV. Both these deductions are in agreement with the generality of the 
findings from these laboratories in regard to A/ phenomenon. The possible 
influence of the products of decomposition of SO2 under the discharge on its 
characteristic Joshi effect is considered later. It may be recalled that soon 
after the discovery of the negative Joshi effect, the positive effect, +A/ was 
observed in iodine vapour excited in the presence of a surface film of KI + KI3 
in nitrogen peroxide, oxygen, air and bromine (Joshi and co-workers, loc. t//.). 
Data in Table II extend these observations to SO2. It is remarkable to 
observe that a positive Joshi effect, as large as 17% photo-increase of current, 
is produced at 1.8 kV which is the lowest applied potential. As observed in 
the case of negative Joshi effect, the positive effect diminishes by increasing the 
applied kV. It is, however, interesting to observe that in the above series 
(Table II), but a moderate increase in the applied kV causes a precipitous 
decrease in the Joshi effect to practically zero ; and what is significant, reverses 
its sign so as to give an appreciable — Ae (see Fig. 2), at a large kV. This 
influence of the applied potential kV on the positive Joshi effect and the 
reversal of its sign are in complete accord with the results in other system 
Ooc. cif.'). Unlike single system, such as excited iodine and under certain 
conditions chlorine, it was not possible to reproduce the positive effect, 
mentioned above, by decreasing the applied kV to the initial low value This 
may be attributed to the non-reversible change in the nature of the system 
as a result of the chemical decomposition produced under the discharge (Joshi 
and Sharma, lot, ctL), 

Whilst due to comparatively high insulating power of SOo, discharge 
could be produced only at low gas pressure (below 180 ram.) up to 8 kV (largest 
used), it was observed that the decomposition produced, as judged by reduction 
of the over-all pressure, was about 10%, during by far the major period of i 
observations. In each of the experiments made, however, it was significant 
to observe a sharp decrease in the magnitude of the Joshi effect A? during 
the initial stage of the discharge. Thus when SO2 was introduced in the 
fresh ozoniser at 24 mm. (Table I), the gas pressure diminished progressively 
to 22.5 mm in about 40 minutes of exposure to the discharge. During this 
period the relative Joshi effect, % decreased from an initial 24 to 3, although 
by far the major part of SO2 introduced remained undecomposed, as was ob- 
served subsequently by analysis of the decomposition mixture at this stage. This 
revealed the presence of oxygen and sulphur, both of which show the Joshi 
effect to an appreciable extent Hoc. ctfJ). It is therefore suggested that the 
marked diminution (numerically) of % A/, as observed, may be associated with 
the formation of SO 3, assuming that the corresponding influence of the traces 
of two other unidentified solid, products of decomposition of SOa is negligible. 
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The above deduction was further tested. A fresh ozoniscr was filled 
with purified oxygen at 99 mm. and subjected to silent discharge until an 
appreciable reduction of pressure was effected due to ozone formation. 
A moderate amount of SO 2 , purified as described already, was admitted into 
the annular space of the ozoniscr and the mixture allowed to stand over 24 
hours. The SO3 formed by the interaction of O3 and SOg condensed on the 
annular walls. The mixture was then tiiplered out. On introducing various 
samples of pure SO 2 in this ozoniser, the Joshi effect was not detectable. 
Presumably, as a result of exposure to discharge under conditions during 
experiments, of which those in Table II arc but a sample, as also the above 
experiments with SO3 films, the ozoniser walls were denatured in some way 
with the result that the Joshi effect observed in this ozoniser became negligibly 
small. Even prolonged cleaning by alkali and hot chromic acid solution failed 
to restore ^ / when the ozoniser was charged with fresh SO 2 under conditions 
illustrated by results in Tables I and II. 

Similar results suggestive of a pronounced wall effect on the production 
of ± ' i have been observed in these laboratories (Shukla, /or. riL). A series 
of experiments was therefore carried out to examine further the inference 
drawn above regarding the role of the wall-condensed SO;j in inhibiting the 
Joshi effect. 

In a fresh ozoniser, fitted with ground joint, it is seen that a pre-formed 
film of Na 2 S 04 does not influence markedly the Joshi effect ,\t : this is, 
however, favoured by a coat of NaOH (Table III). What is more, the diminu- 
tion of the Joshi effect with ageing’ i.r., a continuous exposure to discharge 
at a given applied potcntial(s) V does not cause a decrease of the corresponding 
Joshi effect as was observed in absence of an annular film (cf. Tables I and 
II). This is explicable since the SO3 produced from SO 2 under the discharge, 
interacts with the surface alkali to form Na. 2 S 04 . That a film of HgClo should 
abolish the Joshi effect may, in part, be explained by the following suggestions 
due to Prof. Joshi : It is that ± ' t being fundamentally of surface origin (Joshi, 
C7irr. Set., 1947, 16, 19) may be poisoned by HgS formed by the interaction of 
sulphur fro.n SO 2 and HgCl 2 (Dasgupta, unpublished data). Furthermore, 
the observations on the production of the Joshi effect in hydrogen (Deshmukh, 
/. Indian Chenu Soc., 1947, 24, 211) have shown that the presence of Hg vapour 
is a pronounced inhibitor in the production of A i. 

Grateful thanks of the authors are due to Professor S. S. Joshi for 
suggesting the problem and kind guidance. 

Chkmica h La H oiiAToiu eh. 

Hanares Huron Umver^itv. deceived Oolober 1 , 1948. 
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STUDIES IN INDIGOID DYES. PART XL 
PHENANTHRATHIOPHENE-INDIGOS 

]>Y Parksii Chandra Dutta 

9-Thiol phenanthronp and some of its derivatives have been synthe-iised by the author with a 
View to preparing some interesting (lyes from the point of view of colour in relation to chemical 
constitution. Some of these dyes have already been described in parr X of this series. The 
present communication deals with the prepralion of iis-9 : lO-pheiiaiithrathiophene-indigo ‘starting 
from 9-thiolphenanthrene through 0 : 10-phenanthra-2'-kctodihydrothii)phcne. ft is a dark 
chocolate dye and dyes cotton in brown shade and this result is in conformity with the previous 
findings of the author. 

Preparation of some indigoid dyes starting from 9-thiolphenanthrenc has 
been described. 9-Thiolphenanthrene and some of its derivatives have been 
prepared by the author ( / India Chrm. Soc., 1941, 18, 469) with a view to 
preparing some interesting dyes from the point of view of colour in relation to 
chemical constitution. Some of these dyes have already been described in part 
X (^ihid., 1942, 19, 239). The present communication deals with the preparation 
of 9 : 10-phcnanthra-2'-kctodihydrothiophcne and some indigoid dyes derived 
from it by oxidation and condensation with ^?-diketones, such as phenanthra- 
quinone, acenaphthaquinone and isatin. <5/i-9:10-Phenanthrathiophcne-indigo, 
described in this paper, is a dark, chocolate dye which dyes cotton in brown shade 
and this result is in conformity with the findings of the author , 1934, 67. 
1319 ; 1935, 68, 1447 ; 1936, 69, 2343). The dyes prepared from acenaphtha- 
quinone and isatin produce as usual bright red shades on cotton. Works on 
similar dyes prepared from other isomeric phenanthrene sulphonic acids, such as 
2 and 3 are in progress. 


K X P K K I M K N T A u 


Vhenanthrmc-^-thioglyL ollic Acid, 


/\ 


\y\ /SCHo.COOH 

'■* I 



4 

:i I I 
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9-Thiolphenanthrene (10.5 g.) was dissolved in the required quantity of lO:’^ 
sodium carbonate solution on a water-bath and to the filtered solution was 
added monochloroacetic acid (5 g.), previously neutralised with sodium carbonate. 

3 
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The mixture was heated on a water-bath for half an hour and filtered. Th^ 
filtrate was then cooled and acidified with hydrochloric acid when the 
thioglycollic acid separated out as an oil, which after sometime gradually 
solidified to a white crystalline powder, m.p. 134-35°. (Found : C. 71.23 ; 
H,4.6. Cn.HioOoS requires C, 71.64 ; H,4.47 per cent). 




Vhnuinthrenc-^^fhLoglycolUc Acid Chloride 


SCHa COCl 



I I 


The finely powdered, and carefully dried thioglycollic acid ( 5.36 g.) was 
suspended in 10 times the quantity of low boiling petroleum ether and then 
treated with phosphorus pentachloride (4.2 g.). The mixture was then warmed on 
a water-bath till everything went into a colorless solution. This was cooled in 
a freezing mixture when the chloride separated out as white crystals which 
became a sticky mass at ordinary temperature. After the removal of the clear 
liquid, the mass was subjected to the next operation. 


9 : \Q-Phcnanfhra-2-kelodihydrofhwphene, 




I ' / 


CHs 




The above sticky chloride without further purification was dissolved 
in ten times the quantity of low boiling petroleum ether and then cooled to room 
temperature and next treated slowly with finely powdered anhydrous aluminium 
chloride (5 g ). The mixture was boiled on a water-bath till the evolution of 
hydrochloric acid ceased. Gradually a red substance was produced This red 
substance after the removal of petroleum ether by filtration was decomposed 
by crushed ice, when a yellowish white sticky mass was obtained. This was 
dissolved in acetic acid and from the solution it was obtained as yellowish 
white needles, m p 173-75°. It becomes reddish on exposure to air. It 
dissolves in caustic soda easily and the solution soon turns green due to oxidation 
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to the /;/j-indigo (Found : C, 76.52 ; H,421. CicHioOS requires C,76 80 ; H,4.4 
per cent). 


1 

V/ \/ 

The above oxythiophcnc (2 g.) was dissolved in 5% dilute caustic soda 
and an aqueous solution of potassium fcrricyanide added until a dark chocolate 
precipitate was no longer formed. The precipitate was then filtered, and 
washed with water. It was dissolved in pyridine and from the solution was 
obtained a chocolate crystalline mass melting above 280°. It dissolves in 
pyridine, nitrobenzene with a dark brown colour and in concentrated sulphuric 
acid with a chocolate colour. In alkaline hydrosulphitc it dissolves with a 
yellow colour and dyes cotton in brown shade. (Found: C, 77.17 ; H, 337. 
C joHir.OoSo requires C, 77.42 ; H, 3.22 per cent). 





>c--c< 


^ -()hcnanflir£iie-7vdigo. 


/ S 
/\CO 














This compound was prepared by heating together phenantliraquinone 
(1 04 g.), dissolved in 30 c c. of acetic acid and 9 : 10-phcnanthra-2'-kctodihydro- 
thiophene (1.25 g.) in 25 c c. of acetic acid and adding to the hot solution 
0.5 c.c of hydrochloric acid id ].19) when immediately a chocolate precipitate 
separated out The mixture was boiled for ten minutes and filtered while 
hot. The residue was next washed with a little acetic acid and alcohol 
and crystallised from pyridine in chocolate needles melting above 280°. It 
IS fairly soluble in hot pyridine and nitrobenzene and slightly soluble in alcohol 
and acetic acid. It dissolves in concentrated sulphuric acid with a greenish 
black colour and in alkaline hydrosulphite with a yellow colour from which it 
dyes cotton in chocolate-violet shade. (Found : C, 81.51 ; H, 3. 81. C 3 oHieO;iS 
requires C. 81.82 ; H, 3.63 per cent). 
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9 : lQ-Phenanthrathiophcne-2' -acenaphtkylenc-indigo. 





I 


< > 
< > 


It was prepared in the same way as the previous compound from 9 : 10- 
phenanthra- 2 '-ketodihydrothiophene (1.25 g.) and acenaphthaquinone (0.91 g.) in 
acetic acid solution with traces of hydrochloric acid, and purified in the same 
manner. From pyridine it separated out as fine, red needles melting above 280®. 
It dissolves in concentrated sulphuric acid with a pale green cplour and 
dissolves in hydrosulphite slightly with a yellowish colour and dyes cotton in 
beautiful scarlet-red shade. (Found: C, 80.81; H, 3.45. C 28 Hi 40 oS requires 
C, 81.15 ; H, 3.38 per cent). 

f 


9 : \Q-Phc7tanthrathiophenc-'i!^indoUindigo, 


S 

c 

/ \CO oc 





NH 




It was prepared in the same manner as the previous compounds from 9 : 10- 
phenanthra-2 -ketodihydrothiophene (125 g) and isatin ( 0.74 g. ) and purified 
in the same manner. It was crystallised from nitrobenzene in deep red needles 
melting above 280®. It dissolves in concentrated sulphuric acid with a violet 
colour and dyes cotton from yellow hydrosulphite vat in red shade. (Found ; 
C, 75 73 ; H, 3.57. Ca 4 Hi 3 O 2 NS requires C, 75.99 ; H, 3.43 per cent). 


ChEMK’AL TjABOIIA'IORY, 

G B. B Coia.EfJE, Mr/.AFFAKinri!, 
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STRUCTURE OF A BY-PRODUCT OBTAINED DURING THE 
CLEMMENSEN REDUCTION OF /3-C/-CYMOYL-2)- 
PROPIONIC ACID 

By vSukh Dkv 


A l)y-|)ro<lin’(, in. j). 210-11*. ohtflincd (liuiii^r the t’lcmniensen rtclucliim of /:J-( 2 )'t'>'i>ioyI- 2 )- 
propionic aoicl, has been found to be a piiiacol-dilaetone. The sinieture haw been confirmed by 
synthesis. 


During the synthesis of ^/<9-cadalene (Sukh Dev and Ciuha, this lo'irnnh 
1948, 25, 14) /?-C/>-cymoyl-2)- propionic acid (I) was subiccted to Clemmensen 
reduction (Martin’s procedure). Besides the normal reduction product, 
(/-cymyl-2)-butyric ac id, a small amount of a high melting substance was 
found also to be formed. A number of similar instances have been recorded 
previously. A solid of m. p. 254"* can be isolated as a by-product of the 
Clemmensen reduction of /^-benzoylpropionic acid, for which Fiescr has proposed 
a structure of a pinacol-dilactonc (“Organic Syntheses”, Vol XV, p. 64), 
Huang-Minlon (/ ^linrr. Chem Soc., 1946, ••68, 2487) has also obtained a 
similar by-product during the Clemmensen reduction (Martin’s procedure) of 
/^-(Aphenoxybenzoyl)-propionic acid. The production of dimeric substances 
during the Clemmensen reduction of aromatic ketones is quite common, for 
example, benzophenone is known to yield dimeric products to the extent of 
72-75% ; this problem has been investigated by Bradlow and Vandcr-Werf 
1947, 69 , 1254). 

Fieser Qoc. c/'/.) and Huang-Minlon (loc, aV.) have provisionally assigned 
a structure of a pinacol-dilactone for their by-products, probably, only on the 
basis of the combustion analysis. The insolubility of our product in hot 20% 
aqueous caustic potasli led us to decide against a lactone structure. A reinvesti- 
gation of the substance has, however, revealed that though the product is not 
attacked by hot aqueous alkali, the lactone ring is easily cleaved by hot 
alcoholic potassium hydroxide. Molecular weight determinations and analysis 
indicate a similar structure (II) for this product also. 

In order to confirm the structure, the substance has been prepared by a 
straight-forward method. Newman {ibtd., 1940, 62, 1683) has developed a new 
synthesis of coronenc, which involves the important step of pinacol reduction 
of 7-methyl-l-tctralone. He has discovered a new and efficient reagent in 
aluminium-mercury and absolute alcohol for effecting such pinacolic reductions. 
Thomas and Nathan {ibid., 1948, 70, 333) have also successfully! employed 
his method. By using this procedure a pinacol-dilactone has-been synthesised 
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from ^-(^-cymoyl- 2 )-propionic acid, which^has been found to be identical with 
the by-product of the Clcmmenscn reduction in all respects. 


/ \CH<, 

I 

CHs 

/ 

COOH 

(I) 


C" A 


I ' 

Al-Hg I I O 


\ / 

CHa H,C 1 

! ? ^ 
CHaHaC^C:0 j 

OC / /\ 


(II) 


In as much as the pinacols can be the by-products of the normal alcoholic 
reduction of ketones, the production of these substances may have some bearing 
on the mechanism of Clemmensen reduction of ^-aroyl-propionic acids. The 
formation of pinacol-dilactones may indicate that the monomeric lactones may 
be the intermediates. In fact, 7-phcnylbutyrolactonc is known to give about 
as good a yield of 7-phenylbutyric acid as does /5-benzoylpropionic acid (Martin, 
1936, 58, 1440). 


H X r 35 R I M B N T A L. 

Clemtnensc^i Rrduefion of P-{i)^Cymov/~2)-fro/>/oni'c Acid : Isolation 
of the hv-'firoduct, — The by-product was isolated in exactly the same way as 
described. by Sukh Dev and Guha [this Journal^ 1948, 25, 18). By using a slight 
excess of glacial acetic acid during the reduction, the yield of the by-product 
can be somewhat increased. This is probably due to the resulting higher 
concentration of the keto-acid in the acid phase of the reaction mixture which 
is favourable to dimeric condensations. 

The product of m p. 210 — 11' on further recrystallisations from 90/o acetic 
acid was obtained in small, silvery white, feathery needles, m p 214-15 . (Found: 
C 77.01; H, 8.0; M. W., 428. C 0 SH 34 O 4 requires C, 77.41; H, 783 per cent. 
M W., 434). 

Act 1071 of Alcoholic Potash. — The substance (50 mg.) was added to 5/^ 
alcoholic potash (10 c.c.^ and the mixture was refluxed for 2 hours, cooled and 
most’ of the alcohol was distilled off. The residue was taken up in water (5 c.c.) 
and the clear solution filtered. The filtrate was concentrated a little and then 
acidified with dilute hydrochloric acid. The precipitated substance was filtered 
off. washed with water and recrystallised from acetic acid (90%), m. p. 214-15 
(mixed m.p. with the original substance, 214-15*). 

Pinacolic Reduction of &-(^i^^CymQyl^Z)^pTOpionic Actd^ — ^"(^- Cymoyl- 

jibsolwt^ silCQhpl 


,2)-propionic acid (5.0 g.) was a*mwturc of 
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(30 c.c.)and thiophene-free benzene (dry, 20 c.c.)* Bright aluminiuni foil, freshly 
cut into small bits (2.0 g.) and mercuric chloride (O.lg.) were a e in qu c 
succession. The mixture was swirled for a few minutes andticn re uxc on a 
steam- bath for 4 hours. More of absolute alcohol (15 c.c.) was t en a e 
and the refluxing continued for another 2 hours, after w nc practica y 
all the aluminium had disappeared and the reaction mixture a ccome 
pasty and grey. The reaction was completed by refluxing for . 

The mixture was cooled, and added on to ice and hydrochloric aci , 

Some ether was added and the whole transferred to a separating unne 
shaken vigorously till all the aluminium salts had completely disappeare 
product was extracted with ether (thrice) and the combine et cr ex 
were washed with dilute hydrochloric acid (once), and ^ 

(once). The ether solution was then washed with 5/o so lum car 

solution (thrice) to remove the acidic components which 

examined. The solvent layer was washed twice with watei an na y c 

(sodium sulphate). On removal of the solvent, a solid was left w iici was wic 

rccrystallised from 90% acetic acid. The pinacol-dilactone tame 

silvery white needles, crystallising in rosettes, m.p 214-1 ■>. mixe 
with a sample of the Clemmensen reduction by-product remained undepresse . 

The author’s sincere thanks arc due to Prof. Dr. P. C. Ciuha, 
kind interest he has taken in this ivestigation. 


Ol!(i\NIC ClIKMlSTllY LAI'.Otl ITOHm.S 
Di'.rAiiTMcs’T or Pi re .vnu Applied Chemistry, 
Indian Institute or ScirNcr., Bax(j.\i-<)RI- 
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THE REACTION BETWEEN AMMONIUM OXALATE AND IODINE 
By W. V. Bhagwat, S. G. Harmalkar and P. K. Buandari 

The reaction between aninionium oxalate and iodine has been studied both in light and 
in dark The results obtained are similar to those obtained in the case of potassium oxalate and 
iodine. Thus, in dark the reaction is unimolecular with re^pect to iodine and ammonium oxalate, 
but becomes semi-raolecular with respect to iodine in light. Ihe dark tempeiature coefTicicnt 
is high and has a value of about 6 between temperatures 30° and 6o°. Ihe tempeiature coefticient 
falls to 3.4 for light reaction. The reaction is retarded by KI and shows photochemical after- 
effect which increases with the increase in the period of pre-illumination. The relation betw een 
intensity and velocity obeys square root relationship and the primary process consists in the 
atomisation of iodine molecules. 

Although the reaction between potassium oxalate and iodine, dissolved 
in KI, has been studied extensively (Dhar, Proc. A' Akad. If etcificli. Amsterdam, 
1916, 16, 1097 ; ./. Chem, ^oc., 1917, HI. 748 ; 1923, 123, 1853 ; Electro- 
chem., 1923, 31, 621 ; Berthoud and Bcllenot, IIclv. CJnm. Acta, 1924, 7, 307 ; 
Griffith and a McKcown, Traus. Faraday Soc., 1932, 28, 752 ; Abel and 
Hilferding, Z. physikal. Chon., 1935, 172A, 353), yet the reaction between 
ammonium oxalate and iodine has not been investigated. 


Dark Reaction 

Order of Reaction with respect to I 2 dis^solved in KI etc. — As the reactiort 
is very slow at low temperatures, the temperatures used were above 30 . 
Integration method was used to determine the order of the reaction 
and it was found that unimolecular formulae gave constant results. 
The order of reaction with respect to ammonium oxalate was deter- 
mined by Ostwald’s isolation method. It comes out to be 1. Thus, the 
total order of the reaction is 2. The temperature coefficient of the reaction 
between 40° and 60° is about 5. The value is much lower than that when K 2 C 2 O 4 
is used. It is found in several reactions that ammonium salts have a marked 
accelerating efiFect. The temperature coefficient of a reaction is determined by 
its acceleration, and since ammonium oxalate reaction is quicker at low 
temperature, its temperature coefficient is consequently smaller than that for 
K 2 C 2 O 4 and I 2 reaction. The reaction is retarded by KI, and the retardation 
increases with the concentration of KI. The results supporting the above 
conclusions are summarised below. 
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Table I 

I 2 = 0.000977M KI = 0.00937 A/. Amm. oxalate = 0.166il/. Temp. = 60“. 


Time, 

n “.r. 


h , X 60. 

/cj X 60. 


A'oxeo. 

0 mins. 

H 

14 

2L 

81 

127 

ll.O 

9.2 

7.7 

6 6 


O.OIOL 

0.0100 

0.0103 

0.0111 

0 0823 

0 0787 
0.0761 
0.0771 


0.283 

0.260 

0.238 

0.229 




Table II 




Cone, of 
oxalate. 

/. l 60 ^. 

/. ^60° 

/ , 10". 


50^ 

‘ 40“ ■ 

Ratio of Ratio of 
cone. /. , 60". 

o.lGfiilf (a) 

0 0833 (6) 

0.0116 (e) 

OOlll 

0.0068 

0 0033 

0 0022 

0.0012 

0.00066 

0.00049 

0.00021 

0.00013 

.5.18 

6.28 

6.0 

5 6 

6.2 

6.1 

=2 1.98 

b 

* =2 1.7 

r 



Table III 




Cone, of ammonium oxalate 

-0.166M 


Coiuv of KI 

0.00937 M 0.02137 M 

0.03937 A/ 

0.05437 M 

/. , (iO 

0.0 114 0 0039 

0.0028 

0.0021 


Energy of Aitivation 

Arrhenius’ empirical relation, gives the value 34850 calories 

at I ~ 

for 7?, the energy of activation. 

Following Lewis that Z molecules enter into collision per second and then 
adopting the simplest possible form of distribution law, the fraction of molecules 
possessing energies greater than Ei and are given by and 

The chance therefore that two molecules in collision will be such that the energy 
of one exceeds E\ , and the energy of the other exceeds Ei is 

Thus the total number of molecules which collide with a joint energy 
exceeding E is where ^Z' is the number of collisions per second 

between the reacting molecules and given by J2 TTfj'^nfr where o- is the 
molecular diameter, the root mean square velocity and "n\ the number of 
molecules per c.c. 

4 
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^ Thus, the total nuqaber of activated molecules colliding is 

For molecules which are different we have, «■ . m 

where and are the root mean square velocities of the corresponding 

molecules. 

Assuming that each collision in which joint energy exceeds E, results 
in a chemical change, then the number of molecules per c.c. is 

JT a- v\ . ih 

Assuming a = 3xl0 ^ and is of the order of 3xK)~^ cm. and 

that wi for (NH 4 ) 2 C 20 4 0.1666A/=1x 102«. for I 2 -6 x 10” and 

_ ^-S4Kio/ixft33 7'— 60°, we get the number of molecules reacting in one 

second per. c.c. Thus it is equal to 

3.14x9x10-1“ xlxl02i>x6xl0”x^-''’2'3 x 3x 10-‘‘-5xl0'“ xr-’’*’ 
= 5x10” X 1.2x10 ”=6 (approxly) 

The whole of iodine is used up in about 90 minutes at 60° even in presence 
of KI. Hence, the number of molecules reacting per c c. = 6 x lO^ 1 . The 

number of molecules therefore reacting actually per second— = 1.1 x 10. 

It is clear therefore that the observed rate is far greater than the calculated 
rate. The reaction therefore suggests chain mechanism. 


Photochemical Reaction 

The order of reaction with respect to iodine in light comes out to be one 
half, while it is one with respect to ammonium oxalate. The temperature 
coeflFicient is about 3 5 for ten degree rise of temperature. The reaction is 
retarded by KI, but the order of reaction does not change. The relation 
between intensity and velocity shows a square-root relationship. The results are 
summarised below. 


Tabi.e IV 

Cone, of reactants, same as before. Temp = 50°. 


Time. 

a - 0 /. 

le\n. 60. 

A-qX 60. 

AiX 60* 

0 mins. 

12.7 

_ 

— 

— 

35 

10.7 

0.0166 

0.067 

0.0021 

70 

8.86 

0.0168 

0.055 

0.0022 

104 

7.6 

0.0168 

0.060 

0.0021 

139 

6.95 

0.0161 

0.048 

0.0023 

178 

4.7 

0.0166 

0.044 

0.0024 
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Table V 


Cone of 
oxalate. 

/c^SO". 

/ii‘ 10 '’. 

/cj30^ 


Ratio of 

rone. 

Ratio of 
4 SO'’. 

0 . 1 660 Af (a) 

0.0190 

00062 

0.0018 

3.1 

a /6 = 2 

1.8 

0.0833 (b) 

0,0116 (c) 

0.0110 

0.0032 

0.0034 

0.00092 

0 0018 

0 00026 

3.2 

3.2 

6 /c *2 

1.9 


Table VI 


Cone, of Am. oxatate = 0.166M Temp. = 50'". 


*1 Daik 

/.] Distance 

/. • (2d) 

(2d) 

0.00030 

0.0185 

0.0073 

0.0062 

Ratio of intensity. 

Ratio of I. 


Ratio of velocity. 


1.6 


0.0070 j 

0 0049 


2 


0.0182^2 g 

0,0070 


Pholochcniical Aftcr-cOcct 

Dhar and Mukerji (./. hidian Chem, Soc., 1928, 5, 203) have observed that 
the reaction between potassium oxalate and iodine shows photochemical after- 
effect. Tlie work has been extended by MacMahon and Lai 1940, 17, 

429) and they have found that the after-effect rate increases with the length of 
the period of pre-illumination. Our results v/ith ammonium oxalate and iodine 
show that it behaves similarly. 


Table VII 

Cone, of Am. oxalate — 0.04165 M, Cone, of I 2 = 0.000937 J7. 
Cone, of KI - 0 00937M Temp. - 50°. 


(Sj dark. 

T. 

A, (exposure, 

3 min.). 

T. 

ki (exposure, 

6 min.). 

T. 

/c^ (exposure. 
9 mm.). 

0.000016 

30 min. 

0.0000304 

20 min. 

0.0000604 

16 min. 

0.0000860 


60 

0.0000302 

40 

0.0000402 

30 

0.0009776 


00 

0.0000279 

60 

0.0000416 

60 

0.0000680 


120 

0.0000270 

100 

0.0000333 

80 

0.000583 


180 

0.0000268 

160 

0.000262 

120 

0.0000481 
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The photochemical after-effect falls as the time after cutting off the 
illumination increases. Our study with different concentrations and temperatures 
show that after-effect increases as the period of pre-illumination is increased. 


Machanisni of the Reaction 

In view of the fact that the results obtained with ammonium oxalate 
and iodine are similar to those obtained in the case of K2C2O4 and Ig, it 
suggests itself that the mechanism of the reaction should be similar. We 
therefore suggest the following mechanism. 

It is assumed that primary process is the atomisation of I2 molecules. 

Thus, 

li + h ^) — >21 

I+(NH4)2C204-^NH4C204 + NH;I 

NH4C2O4+I2 — >2C02 + NH 4 l + I 
21 >I2 

So that when absorption is complete in total light, we have 

(l2) = /fc (Io)^[(NH 4)2 C204]/[l2]^[KI] 


CnEMiSTBY Department, 
Holkar Coi^LEOE. Indore. 


Received August, 16, 1918. 
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PARACHOR OF IONS 

By W. V. Bhagwat, vS. Ramaih, S. O. vShuki.a and 
S. N. Kavkeshvvak 


Parachorsof NaCl, KGl. NH^Cl. NaNO^, K^CO.^ and KBr at varioua roncentrationB have been 
determined and it is shown that the values obtained are much smaller than those calculated by 
summing up the parachors of the constituent atoms. It is further shown that Mum ford and 
Plillip's values for ions do not renroduce experimental results for electrolytes in solution. 

The atomic parachora of alkali metal as oalenlated by SuKden from Jaet»er'8 results have been 
shown to be incorrect. 

Mumford’s method of calculating ionic parachor from the parachor of fused salts is not 
correct as at the temperatures mentioned the salts may not have been wholly in the ionic state. 
Further, accordiiif^ to Born there should be a fixed ratio between the parachors of ions and atoms 
of the same group and the value should be less than unity. The values as calculated from fused 
salts do not give this ratio a constant value for alkali metals, although the ratio is less than 1 as 
is expected. 

The method of calculating atomic paraheors from. the solutions of electrolytes is hhown to be 
incorrect, since electrolytes exist in solution as ions and not as atoms. An expression, 

^ a( .r 

has been derived for calculating the sum of the ionic parachors and has been applied to 
ICoGO. 3 . Kf. NIJ^NO:^, KCl. NaCl and Nh^Cl with fairly constant results. Further, it is shown 
that (ionic) is diflerent from the sum of the atomic parachors. Thus it is shown that ions 

have fixed parachors which are difl'crcnt from those of atoms. This view is supported further 
from Ray’s results. 

Ray ( /. hidian Chem. Soe,, 1938, 15, 43 ) and Lakhani and Daro^a 
1938, 15, 37, 519, 604) have determined the parachors of some electrolytes in 
aqueous solutions. Lakhani and Daroga Ooc. cit ) had no clear conception of 
that the values obtained were for ions and not for atoms. Hence they made an 
attempt to evaluate atomic parachors from the values obtained for electrolytes. 
Further, they found that the formula 

x)l xl\ 

was not applicable, and hence tried to suggest a modification. All this confusion 
was due to the fact that they did not realise that the values obtained were for 
compounds in the ionised state. 

Ray (^loc. cit.) and Bhagwat and Toshniwall (/. Indiayi Chem, Soc., 
1942, 19, 192; 1944, 21, 53, 61) have shown that the parachor of an 
electrolyte is different from that of the sum of the constituent atoms. In other 
words, atomic and ionic parachors are not identical. Further, the value 
varies with dilution. We have extended this work and our results for some • 
salts are given in the following table. 
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Table I 


Substance 

X. 

26®. 

CO 

40®. 

0 

0 

to 

r. K.,CO , 

0 0609 

143.6 

143.4 

140.6 

140.6 


0.0723 

M8.7 

147.3 

146.9 

145.6 


0.C869 

160.3 

154.6 

163.3 . 

163.3 


0.0936 

169.0 

168 2 

168.0 

168.0 


0.1126 

163.4 

162.4 

162.0 

162.3 


0.1209 

169.3 

168.8 

168.1 

167.8 



20°. 

Px at 

30°. 

40°. 

60°. 

II. KCl 

0.0201 

101.2 

98.7 

101.2 

96.7 


0 0106 

102.6 

102.2 

100.4 

100.7 


0.0670 

103.1 

108.1 

101.2 

101.4 

III. NaCl 

0.0329 

70.8 

67.5 

67.9 

68.1 


0.0614 

74.6 

74.5 

73.7 

72.7 


0.0712 

76.8 

76.3 

75.6 

76.1 


0.0930 

77.6 

76.4 

76.6 

75.8 

IV. NH,C1 

0 0365 

... 

123 5 

120.6 

121.1 


0.0607 

... 

126.3 

126 9 

122.2 


0.1020 

... 

128.1 

128.6 

127.3 

V. NaNOy 

0.0230 

77.82 

85.66 

85.48 

83.0 


0.0506 

94.2 

96.6 

95.6 

96 


0.0836 

105.6 

106.3 

108.2 

107.5 




Px at 





26°. 

30°. 


50 . 

VI. KBr 

00161 

114.6 

' 117.6 

ll6.t 

... 


0.0364 

118.9 

114.5 

120.3 

123.1 


0.0609 

116.4 

121.0 

122.6 

120.3 


Unfortunately the values for atomic parachor of sodium and potassium 
from covalent compounds are unknown. If, however, we consider the values 
Na = 80 and K-= 110, 3as given by Sugden, the values for K 2 CO 3 , NaCl, NH4CI, 
KCl, KI, NH 4 NOJ. KBr and NaNOg will be 283.2, 134.3,135.2,164.3,201, 175, 
178„and 174.1 respectively. The observed values are much lower than these. 
In case'of'ammonium nitrate and chloride, the values for the constituent atoms 
are known from covalent compounds, and hence there is no doubt that the ionic 
and atomic parachors are different- 

Discussion 

Sugden and Wilkins ( J.-Chevt. Soc., 1929, 1291) have used surface tensions 
of fused salts determined by Jaeger (^Z.anorg. Ghent., 1917, 101, X) at various 
t^peratures to determine the atomic parachors of alkali metals. In the 
opinion of the present authors, the work at these high temperatures is not trust- 
worthy. A single case’of salts of lithium'will illustrate this. 
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Table II 


Salt. 

Temp. 

Parachor. 

Mean P. 

2 P. 

Atomic Pr,i 

LiF 

860”- 1000“ 

67.8-69 3 

68.5 

21. 1 

34.4 

LiCl 

600" -775“ 

97.2-99.6 

98.4 

62,7 

46.7 

LiNOa 

380“-600“ 

1.30-132 9 

131 5 

91.5 

40.0 

Li.SO^ 

sec-neo” 

212-220 

216.0 

121.8 

2x 17.1 


The mean of these values is not 50 which is taken as the atomic parachor 
of Li. The selection by Sugden is purely arbitrary not only in this case but 
same is true for his values of atomic parachors of Na, K, Rb and Cs Mumford 
and Phillips (/ Chem. Soc., 1929, 2130) object to the use of one and the same 
atomic constant for the combined atom and for the ion of an clement, by 
Sugden and Wilkins iloc. cit.). They believe that at these high temperatures 
and in fused state the salt ionises and the ions and not the atoms are 
existing 

If in accordance with the views of Born (.X. Phystk, 1920, 1, 45) the volume 
measured by the parachor is regarded as being directly and simply related to 
the actual dimensions of the molecule or atom concerned (cf. Sugden, /. U/tevt. 
Soc., 1929, 1055), then the parachor values of the ions of the halogens may be 
approximately estimated from the atomic parachors of rare gases which follow 
them in periodic classification. Calculation on this basis (Pauling, /. Amer. 
Chem. Soc.. 1927, 49, 465) indicates that the parachor values of halide ions 
should on an average be 1.46 times those of the atoms of the corresponding 
rare gases, and hence about 1.44 times those of the halogen atoms in non-polar 
combination. The approximate ionic parachors obtained by this method arc 
F = 36, Cr — 79, Br' — 99, r = 130. When these values arc subtracted from the 
observed parachors of the fused alkali metal salts, the ionic parachors of these 
alkali metals are' obtained. Thus, we have Li = 21, Na = 45, K=-76, Rb“-95 and 
Cs'=109 On similar lines the parachor values for NOj', PO3' and SO4' ions 
are obtained. Thus, NOs'^109. P03’ = 132 and SO 4 =172. This procedure 
of calculating ionic parachor from the observed values of the parachors of fused 
salts is in the opinion of the authors highly objectionable, since the parachor 
values at these high temperatures arc not accurate. A rough idea of this 
variation will be obtained from the following table. 


Table III 


Salt. 

Parachor. 

Salt. 

Pnrachor. 

Li.,KS04 

212.4-220 6 

NaNOa 

147.9-15^4 

Na-^SO* 

267.6-266 8 

KNOo 

184.2-19.^6 

K.^S 04 

319.5-336.6 

RbNO.^ 

192.5-203.7 

Rb.SO* 

366.9-308.1 

r82S04 

386.8-3P3.1 


Secondly, it is assumed that in fused state at the temperature range 
examined, the salts ionise completely. No evidence has been produced to show 
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that ionisation is not partial but complete in all cases. Thirdly, just as the 
ionic parachors of halide ions are on average x times (1.44) the parachor of 
corresponding atom, so the parachor value of ions of alkali metal should also 
be w [ w should be less than unity since according to Born Uoc, at.) positive 
ions have smaller volume than the corresponding atoms) times the atomic 
parachor of the corresponding atom. - The ratio of ionic parachor as calculated 
above and of atomic parachor by Sugden is as follows 


Table IV 


Element. 

Pi on. 

P atom. 

Ratio. 

nt. 

_ Pion 
Patom 

Group. 

Pion. 

P atom. 

m. 

Na 

45 

80 

0.5ft 


NO./ 

109 

OLl 

1.16 

K 

7ft 

110 

0.69 


PO/ 

132 

119.3 

1.10 

Li 

21 

50 

0 42 


so/' 

172 

125 

1.3.3 

Rb 

05 

130 

0 

CO 






Cs 

109 

160 

0.73 







The results with alkali metals show that the value of varies appreciably. 
The ions NO 3 ' and PO 3 ' are similar in structure and the values of vi in two 
cases agree appreciably. Fortunately here, the values of atomic parachor of 
N, O, P and S are known directly from covalent compounds. The values 
for parachors of NaCl, NaNOa, KI, KBr and KCl, as calculated from the 
results of Mumford and Phillip, are 124, 154, 206, 175 and 153 respectively. 
The observed values in solution arc much smaller than these. Thus Mumford 
and Phillip’s values fail to reproduce experimental results. 

It will be clear from the above discussion that no reliable values of 
ionic parachor even for thermal ionisation are known. 

Lakhani and Daroga (/. Indian Chern. Soc., 1938, 15, 37) were the first 
to study the parachor of inorganic salts, but it seems that they were not aware 
of the work of Mumford and Phillip Qec. cit.) on the parachor of ions in 
fused state They therefore wrongly tried to determine the atomic parachors 
of metallic elements from the parachor of salts which ionise in aqueous solutions 
iibid., 1938, 15, 604, 37, 519). 

Toshniwal (thesis submitted to Agra University, 1945) has tried to show 
that ions have specific parachor values by considering the salts at equimolecular 
concentrations, assuming that they ionise equally at these concentrations. He 
did not attempt to calculate the actual -values of individual ions, but applied 
Kohlrausch principle of mobilities of ions that as strong electrolytes ionise 
completely /V^aci - Pkqx “ -PNaNOa - Pknoa. He showed that approximately 
constant results were obtained. The work therefore is incomplete In this 
paper we have attempted to show that ions have definite parachor values by 
showing that sum of ionic parachor at dijBFerent dilutions is constant, taking 
into consideration the degrees of ionisation as obtained from the corresponding 
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values of and applying the viscosity correction These results are 

available from the Standard Tables. 

Hence, values for such salts alone arc calculated from the results given 
by us in previous pages, for which /^i, //<“« and viscosity data are available. 

The following expression is derived by us for determining the ionic 
parachor. 


Let the molecular fraction of the electrolyte (binary) and of the solvent 
in a solution be x and \ — x respectively. Let < be the degree of ionisation 
of the salt in this solution. Let be the molecular weight of the solvent, 
the molecular weight of the salt and Mi and be the weights of cation 
and anion, such that Mx ~ M\ +iT/ 2 . The number of ions of each kind present 
in the solution is thus <x and the number of molecules of solute left is (l-<) x. 
The total number of individuals in solution is now 

^1 — x (of solvent) 4- (1 “<) v of the salt-h°c x of cations 4"^ x of anions 
1 4" <x, 

1 — r 

Hence the molar fraction of the solvent - ^ . 

,, ,, undissociated molecules of salt-"-:— — ^ 

l + < X 


each ion = 


<x 

°c X 


cation 


anion 


i 


l+<x 

Thus the mean molecular weight 

l. + <x l + <^.x l+,r< l+x-^ 

or + ‘Vv +(!-«)* ilA +"(> 7l/,+«/ AI 2 

= a-r:)Mp +(!-<) v AI. +x,, (^/j +AJ2) 

But All + Af ‘2 ■= AI^ 

Hence (!+<») A/a^Cl-r) A/p +iAf\. 

But by Hammick and Andrew’s equation 
Alm-il-x) Alp 

Hence (H-'tr) A/^^A/m. 

The parachor of the solution is given by : 

p -= ^An 1 


Al. 


But 

a 

Also, P, -^7— 

14 “ < 7 ' 


i 


or Ps (.l+^x") =Pi 
(l-^^x 


l+«t X 


Px+. 


‘i.X 


ft+ri* 

l-^<x 


14“ 

or (l4“<<Ar)/a (1 — a;) f \ 4-(l — ‘<)a; 4-<a.(/^i ^ 

or (1 — a;)/^p 4-(1-<)7 /\ -h^x^Pi 4-/'j) 

or Pi + P 2 - (It- } 

<x 


5 
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For Px , the parachor of ur^&issociatcd molecules of the salt, the values 
given by Sugden are used. The results will show that the sum of ionic parachors 
is less than that for undissociated molecules, indicating that ions and molecules 
have different parachor constants. Further, although varying concentrations are 
used, the result for sum of ionic parachors is practically constant, showing that 
ions have fixed parachor constants. The results have also been calulated from 
Ray’s observations Uoc. cii.'). In all cases the constancy is fair considering the 
fact that molar fractions in all cases are low, as the amount that can be dissolv- 
ed at a fixed temperature is fixed by the solubility of the salt. The results of 
Ray are not identical with those of ours ; they are, however, among themselves 
constant. The variation is due to the fact that a slight variation in Pm has an 
immense effect on the final calculation, since molar fractions of the salt are low. 
The molar fraction varies from MllQO to MllO and therefore the error present 
in Pm may be magnified from 10 to 100 times in calculating Pi +P2. 


Table V 


NH*CI. 


ir. 



M». 

H»/H». 


"t. 

NH- 4 . + C 1 '. 

O.03C6 


92,4 


0.7e36 

0.9730 

0,7429 

125.7 

0.0667 


89.4 

121.0 

0 7P06 

0.9703 

0.7088 

123.1 

0.1020 


80 6 


0.6619 

0.9642 

0.6429 

122.0 

The 

value for (NH 4 

+CV) from 

Bay's lebuUs 

(J. Indian Chem. 

Soo., 1938. 

15 44) varies 

from los- 

112 

when jc varies from 0.017 to 0,099. 








KI. 




s'. 



Ho:. 


’ir/noc. 


K-+C1'. 

0.G326 


1022 


0.7861 

0.921 

0.7130 

129.7 

0 0491 


98 8 

130.27 

0.7600 

0.9178 

0.6869 

130.8 

0.0789 


90 0 


0.6923 

0.9160 

0.6238 

127.2 

0.0989 


83,7 


0.6438 

0 9124 

0.6701 

125.6 

Values calculated from Ray’s results for ( K*+Cl' 
0.041 to 0.006. 

) vary from 100 to 109 when 

X varies from 





K,COs. 



2K+C03^ 

0.0609 


36.1 


0.2816 

2.3816 

0.6704 

74.2 

0.0723 


29.86 

124 8 

0.2316 

2.7707 

0.6414 

69.8 

0.1209 


13.0 


0.1043 

6.4808 

0.6616 

79.1 

0.1126 


14.03 


0.1127 

4 6093 

0.6296 ' 

sao 

0'0935 


20.7 i 


0,1003 

8.8203 

0.6368 

86.8 



23 54 


0.1888 

8.8863 

0.6891 

83 1 
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Tablk V 


k'CI 


X, 



Mr M». 

ir/l*. 

•(. 

k+t'l' 

0.0261 

96.2 


0 7323 

0.9367 

0 7226 

76.9 

0.0406 

91.6 

130.11 

0.7038 

0.9969 

0.7038 

76.0 

0.06703 

88.9 


0.8823 

1.011 

0 6913 

76.8 

0.01822 

98.32 


* 0.7654 

0.982 

0.7420 

75.2 


Values calculated from Rays’ results vary from 81 to 86 when x raries from O.OI to 0 01. 


0.0243 

85.9 


0.7320 

1.1180 

0.8403 

1 iS.O 

0.0636 

76.0 

117.34 

0.6477 

1 1319 

0.7331 

15i.O 

0.0880 

67.1 


0.5718 

1.172") 

0 0703 

116.4 


Values calculated from Ray’s results vary from 140 to 165 .is x varies from 0.01 to 0 18. 


NaCI. 


/'fused = 124.8 

Na-+Cl' 


0.3289 

6C.2 


0 6073 

1.1659 

0.702 

43.8 

0 0514 

67.8 


0.5303 

1 2120 

0 059 

10.9 

0,7127 

49.9 

108.90 

0.4578 

1 3111 

ocu 

10 7 

0.0180 

71.31 


0.6S17 

1 f)sns 

0.711 

40 9 
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PHYSICO-CHEMICAL STUDIES ON THE COMPOSITION OF 
COMPLEX METALLIC FERRO AND FERRICYANIDES 
PART VIIL THERMOMETRIC STUDY OF THE 
COMPOSITION OF CADMIUM FERRICYANIDE 
By Harish C. Gaur and Abani K. Bhattacharya 

The composition of cadmium ferricyanide has been studied by the thermometrio titrations 
of cadmium sulphate solutions with KaFeCy# solutions, botli by direct and reverse methods, in 
aqueous and aqueous alcoholic media. The results support the constitution of the compound 
as KCd,„ (Fetii Cy#)?- arrived at earlier by the conductometric method. 


Studies on the composition of cadmium ferricyanide have been further 
extended. The thermometric studies support the results of the conductometric 
studies (this /ounial, 1948, 25, 349). The compound KCdjo (Fe*“ Cy ^) 7 is 
formed, but the composition is also influenced by hydrolysis and adsorption. 


RxPHRI MENTAL 

‘AnalaR’ (B. D. H.) reagents were used. Preparation of the standard solution 
has been described in Part VII Qoc, cit,'). The thermometric titration arrange- 
ment was similar to the one used previously (this Journal, 1947, 24, 487 ; 1948, 
25, 185). With different concentration of the two salt solutions, the titrations 
were carried out by the direct and the reverse methods, i.e,, when cadmium 
sulphate from the burette was added to potassium ferricyanide taken in the 
thermos flask, and rice versa. The titrations were also carried out in presence 
of alcohol up to a total concentration of 20 % by volume. 

A//4.82 solution of cadmium sulphate would be referred as A/l-solution 
of cadmium sulphate, and A//5.06 solution of potassium ferricyanide as 
A/l-KsFeCye solution. 

Control experiments, as communicated in part VII Hoc. citj of this series, 
showed that inspite of its oxidising nature, potassium ferricyanide had no 
action on alcohol under the conditions of the experiment. Hence the titre 
values do not suffer any change due to this. 
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Direct Thermomctric Titrations 
Table I Table II Tabi.e III 


A/lO-KiFeCyo 

20 c. c. 

A/lO-KaFcCye 

= 18 C.C. • 

A/10-K8FcCy„-16c.c. 

Alcohol* nil (curve 1). 

Alcohol— 2 c. c. 

(curve 2). 

Alcohol — 

4 c.c. (curve 3) 

A/l.CdS04 

Total rise 

A/l-CdsO* 

Total rise 

A/l-CdS04 

Total rise 

added. 

in temp. 

added. 

in temp, 

added. 

in temp. 

0.4 c.c. 

0.035^ 

0.2 c.c. 

0.020® 

0.2 c.c. 

0.026° 

0.8 

0.066 

0.8 

0.080 

0.4 

0.050 

1.6 

0.126 

1.4 

0.140 

08 

0.096 

2.4 

0,196 

1.8 

0 176 

1.4 

0.186 

3.2 

0.266 

2.0 

0.200 

1.8 

0.246 

4.0 

0.290® 

2A 

0.210 

2.2 

0.306 

4.8 

0.325 

3.2 

0.280 

2.8 

0.365 


Table 

IV 

Table V 

Table 

VI 

A/10-K;,Fecy 

n = 20 C.C. 

A/lO-KsFeCy, 

G - 18 c.c. 

A/10 KsFcCy, 

j = 16 c.c. 

Alcohol— nil (curve 4). 

Alcohol— 2 c.c. (curve 5). 

Alcohol ”4 c.c. (curve 6) 

A/ 2 .CdS 04 

added. 

Total rise 
in temp. 

A/2-CdS04 

added. 

Total rise 
in temp. 

A/2.CdS04 

added. 

Total rise , 
in temp. 

0.4 c.c. 

0.030° 

0.4 c.c. 

0.016° 

0.4 c.c 

0.030° 

1.2 

0.070 

1.2 

0.046 

1.2 

0.120 

1.0 

0.100 

2.0 

0.076 

2.0 

0.206 

2.4 

0.100 

28 

0.105 

2.8 

0.285 

3.6 

0.246 

3.2 

0.120 

3.2 

0.320 

4.4 

0.310 

4.0 

0.160 

4.4 

0.426 

6.2 

0.366 

6.2 

0.190 

4.8 

0.465" 

6.4 

0.430 

6.4 

0.220 

5.6 

0.490 


Reverse Thermovietric Titrations 


Table 

VII 

Tablk 

VIII 

Table 

IX 

A/10-CdSO4“ 

20 c.c. 

A/10-CdSO4 = 

18 c.c. 

A/10-CdSO4 = 16 C.C. 

Alcohol* nil. (curve 7). 

Alcohol = 2 c. c. 

(curve 8) 

Alcohol = 4 c. c. 

(curve 9) 

A/2-K3FeCyn 

added. 

Total rise 
in temp. 

A/2-K„FcCyn 

added. 

Total rise 
in temp. 

A/2-KaFeCyo 

added. 

Total rise 
in temp. 

0.2 c.c. 

0.010° 

0.2 c.c. 

0.010° 

0,2 c.c. 

0.010° 

0.6 

0.040 

0.6 

0.036 

0.6 

0.060 

1.0 

0.070 

1.0 

0.070 

0.8 

0.C66 

1.4 

0.106 

1.2 

0.086 

1.2 

0.100 

1.8 

0.140 

1.6 

0.120 

1.6 

0.140 

2.2 

0.176 

1.8 

0.186 

2.0 

0.180 

2.6 

0.210® 

2.6 

0.200 

2.6 

0.22U 

2.8 

0.226 

8.0 

0,220 

2.8 

0 226° 

8.2 

0.246 

8.2 

0.230 

8.0 

0.240 
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TABI.K XI Tablk XII 


'Pablk X 

A/ 10 -CdSO 4 *20 c c. A/10-CdSO4 soln. = 18 c.c. A/ 10 -CdSO 4 Soln.= 16 c.c. 
• Alcohol ^’nil (curve 10). Alcohol = 2c c (curve 11). Alcohol =^4cc (curve 12). 


A/4-KjFeC> r 
added. 

Total rise 
in temp. 

A/4.K8FeCyo 

added. 

Total rise, 
in temp. 

A/4.KoFeCyo 

added. 

Total rise 
in temp. 

0.4 c.c. 

0.010^. 

0.4 c.c. 

0.010° 

0.4 c.c. 

0.040° 

0.8 

0.026 

0.8 

0.020 

08 

0.080 

2.0 

0.070 

2.0 

0.060 

2.0 

0.206 

3 2 

0.120 

3.2 

0.125 

3.2 

0.316 

4.4 

0.170 

4.4 

0.185 

3.6 

0.360 

6.6 

0220 

6.6 

0.236 

4.8 

0.446 

0.4 

0.260 

6.0 

0.245 

6.6 

0.496 

0.8 

0.260 

6.4 

0,2.65 

6.0 

0.616 


Table XIII 


Direct thermometric titrations 

A/l-Cadmium sulphate and A /1 0- potassium ferricynnide. Cone, ratio = 


A/lO-KaFeCyo 


CdS 04 reqd. 

CdSO* calc, for 

Equiv. vol of 


in the cell. 

Alcohol added. 

for KfFeCyo 

20 C.C. A/10- 

A/l0-Cdfc5O4. 

Curve No 



in the cell. 

KsFcCy, 



10 c.c. 

0.0 c.c. 

2.74 c.c. 

2.71 c.c. 

27.4 c.c. 

1 

9 

1.0 

2.44 

2.71 

27.1 

2 

8 

2.0 

2.16 

' 2.70 

27.0 

3 

A/2-Cadmium sulphate and A /10-pot assium ferricyanide, Cone, ratio (n) 

= 6:1. 

10 

0,0 c.c. 

6.52 c.c. 

6.62 c.c. 

27.60 c.c. 

4 

9 

1.0 

4 92 

6.47 

27.36 

6 

8 

2.0 

4.32 

6.40 

27.00 

6 


Reverse thermoinetric titrations 

A/2-Pota88ium ferricyanide and A/lO-cadmium sulphate. Cone, ratio (?i)»6:l. 


A/lO-CdSO* 

Alcohol added. 

K.3FeCy« 

KaFcCye calc. 

Kqniv. vol. of 

Curve 

in the cel). 


reqd. for CdSO* 

for 20 c.c. of 

A/lO-KsFeCy#. 

No. 



in the cell 

A/lO-OdSO*. 







Cone, ratio rn)=6 : 

10 cc. 

0.0 c c. 

2.74 c.c. 

2.74 c.c. 

13.7 C.O. 

7 

9 

1.0 

2.62 

280 

14.0 

8 

8 

2.0 

2.32 

2.90 

14.6 

9 

A/4-Potas8ium ferricyanide and A/10 cadmium sulphate 

Cone, ratio (w)— 2.6 

: 1. 

10 c.c. 

0.0 c.c. 

6’48 c.c. 

6.48 c.c. 

13.7 c.c. 

10 

9 

1.0 

6.00 

6.66 

13.0 

11 

8 

2,0 


6.80 

14A 

12 
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Discussion 

In continuation of our previous studies on the composition of cadmium 
ferricyanide by the conductometric method (Part VII, loc. ctt.'), the thermometnc 
study of the compound has been carried out. The nature of the discrepancies 
between the theoretical and observed titre values, in the aqueous and aqueous- 
alcoholic media in the direct and reverse titrations are similar. 


Fig. I 



A/l- Od&O, added (c.c,). 


Fig 2 



A/2- CdSO^ added (c.c ). 


From the strengths of the solutions of cadmium sulphate (Af}4.82), and 
potassium ferricyanide (Af 15.06), the theoretical titre values for 20 c.c. of 
potassium ferricyanide solution for the formation of the compounds 
KCd(Fe”*Cyc), Cd 8 (FeuiCy 6)2 3 ind KCdioCFeuiCyc)?. in the direct titration are 
19.04, 28.5 and 27.1 c.c. of cadmium sulphate solution respectively. The 
theoretical titre values for 20 c.c. of cadmium sulphate solution for the formation 
of the same compounds in the reverse titrations are respectively 21.0, 14 04 
and 14.74 c.c. of potassium ferricyanide solution. 



so 
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The observed titre values for 20 c.c. of potassium ferricyanide solution 
in aqueous medium is 27 4 to 27.6 c.c. of cadmium sulphate solution, which, in 
. presence of increasing amounts of alcohol, decreases and very nearly approaches 
the theoretical titre value required for the formation of the compound 
KCdiofFe^i^Cye)?. Taking into consideration the hydrolysability of such 
compounds, as has already been observed (Part VII), the titre values in direct 
titrations in aqueous medium would be slightly higher than the theoretical titre 
value. In presence of increasing amounts of alcohol, the titre values would 
decrease, as the hydrolysis would be checked to some extent. The observed titre 
values then in aqueous -alcoholic medium would approach the theoretical titre 
value for the complex which is actually formed. From this consideration it is 
obvious that the compound Cds(Fe‘*^Cy 6)2 is not formed as the observed titre 
value in presence of increasing amounts of alcohol recedes further from the 
theoretical titre value. The values,on the other hand, support the formation 
of the compound KCdioCFe^^Cye)?* 

From the view point of hydrolysis, the observed titre values in aqueous 
medium in case of reverse titrations would be lower than the theoretical one, 
and in presence of increasing amounts of alcohol they would gradually increase, 
and approach the theoretical value required for the formation of the complex. 
This is actually observed (Table XIII), and the observations strongly support the 
formation of the complex KCdi o(Feii^CyG) 7 . 


Fig 3 0.300 Fig 4 



1.0 2.0 3.0 J.O 2.0 3.0 

A/2-KyFeOye added (c.c.). A/2-KaFeCye addedie. c.) 
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Fig. 5 



A/l-K;,FeCyo aded (<*.<*.)• 


Fro. 6 



A/I-K.^Fi("yo adid (c.r.). 


It is further observed that the discrepancy between the observed and 
theoretical titre values for the formation of the compound KCdi o(Fe^^>Cyo )7 
is, in general, much less than what had been observed in the case of cadmium 
fcrrocyanide (Part IV, /oc:, ctO. Fcrricyanic acid is a stronger acid than ferrocyanic- 
acid and hence metallic ferncyanides will, as a rule, be much less hydro- 
lysable than the corresponding fcrrocyanides This is revealed in Table XIII 
when the theoretical and observed titre values become almost identical in 
aqueous-alcoholic medium. 

The adsorption of Cd ” and (FeCyc)*"' ions by the precipitated complex 
would also affect the theoretical titre values. In the reverse titrations cadmium 
sulphate being in the thermos flask, the titrations are carried out in presence 
of excess of cadmium sulphate, and hence the chances of adsorption of Cd ” 
ions are greater. Therefore, its effect in aqueous medium would be to lower 
the observed titre values ; and in presence of increasing amounts of alcohol 
a slight increase in the observed titre values will take place, because of 
less adsorption in the aqueous-alcoholic medium. This has been actually 
observed. (Table XIII). In the direct titrations the chances of adsorption of 
(FeCye)"' are greater than Cd** ions, and hence the observed titre values should 
be lower than the theoretical one. But experimentally the titre values of 
cadmium sulphate observed are 27.4 to 27.6 c. c. as against 27.1 c. c. [theoretical 
6 
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value for the formation of the compound KCdio (Fe’"Cy,:)r]. From the specific 
nature of the adsorptive properties it may be possible that Cd" ions are adsorbed 
more than (FcCy,i)”" lois, ani thus the discrepincy of th: titre values can be 
explained. 

The experiments on hydrolysis and adsorption are in pro/5ress, and will 
be communicated in a later issue. 

Thus, on the basis of the thcrmornctric and conductometric results conclu- 
sive evidence for the formation of the compound KCdi(i(Ke'“Cya )7 is obtained. 

Thanks of the authors arc due to Dr. S. S. Deshapande for his kind interest 
in the progress of this work, and also to Dr. K. C. Mehta, Principal Agra College, 
for the grant of a Research Fellowship to one of the authors (H. C. Gaur). 
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ON ORGANO-ARSRNICAL COMPOUNDS. PART II 
Pv P) Patiiak A\r) 'P. N (riiosii 

Synlhcwis of ^tim-aniMlinoijlK^iiylarseni )us acid is di d. 

Although filariiil infections are widely distributed in the tropics, no 
potent and dependable filaricide has yet been discovered. Recently, promising 
results in the c^'emotherapy of filariasis have been obtained with some 
plicnylarscnoxidc derivatives by Otto and Maren {Science, 1947, 106, 105). 
In course of this investigation, they have found /-arsenobenzamidc, and 
specially, /- [/>/'A'“Ccarboxy-mcthylmcrcapto)-arsino]-bcnzamide quite active on 
animal tests. The latter compound has been found to kill all the adults 
of /^. 2 m nil f is in doses which appear to be feasible for man. In view of 
the recent observations on the pronounced parasiticidal properties of various 
aiiiidine derivatives (King, Lourie and Yorke, T.'iuicl, 1937, 233, 136 ; Ashley, 
Barber, twins, Newbery and Self, / 'In in Sac., 1942, 10^ ; Kirk and Sati, 
Ann. 7'rop. \hii. /h-;* sitol, 1940, 34, 82; Adams and Yorke, Hid, 19^9, 
33, 323 ; 1940, 34, L74), it has been considered desirable and rational to 
synthesise /^'-amidinophenylarscnoxide and its derivatives, so that these 
compounds may be tested for any filaricidal activity. 

/-Amidinoi)hcnylarsenoxidc could not be successfully prepared from /- 
amidinophenylarsonic acid (Linsker and Bogeri, J. Anicr. Chon, Sac., 1943, 
65, 932) by reduciion with sodium bisulphite (compare Doak, Stcinman and 
Eagle, /. Anicr, Chon, Sor., 1940, 62, 3013) of the sodium salt of the 
arsonic acid in aqueous solution or by reduction of the ai sonic acid in 
dilute sulphuric aciJ solution with sulphur dioxide in presence of a trace of 
potassium iodide (D. R. P., 235391). 

/-CyanophcnylarsenioLis acid (I), which has now been prepared by 
reduction of the aqueous solution of the sodium salt of /-cyanophcnylarsonic 
acid (Linsker and Bogert, /in . of ) with sodium bisulphite, has been smoothly 
converted into /-amidinophenylarscnious acid (II), via the corresponding imino- 
ether hydrochloride. 

The compound (II) yields a crystalline hydrochloride, which is under 
pharmacological examination. 

NC-<( )>-As(OH)i (I) 
y-As(OH)2 (ID 

E X P R R I M R N T A L 

^-Cvanophenylarsemous Acid ( D.— /-Cyanophcnylarsonic acid (prepared 
according to the method of Linsker and Bogert, loc. cit., 23 g.) was dissolved 
in 5% caustic soda solution (80 c. c.) at room temperature. The solution 
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was diluted with water to 150 c. c. and sodium bisulphite (40 g.) then added 
with shaking. After filtration to remove any suspended impurity, the solution 
'was allowed to stand at ordinary temperature in a chamber free from acid 
fumes for 12 days with occasional shaking, when gradually a brownish, 
crystalline solid was precipitated. The solid was filtered, washed with cold 
water, triturated with dilute aqueous ammonia, filtered and finally washed thoro* 
ughly with water, yield 14 g. It is soluble in cold dilute alkali but insoluble in 
aqueous ammonia or sodium bicarbonate. It is sparingly soluble in hot water 
and in alcohol and could not be recrystallised from these solvents. It was, 
however, purified by solution in dilute alkali and precipitation, under cooling, 
with hydrochloric acid, and was dried in vacuo over fused calcium chloride. 
It softens at 239° and melts at 253 - 55“ to a viscous liquid. (Found : N, 6.34 ; 
As, 35.88. C7H6O2NAS requires N, 6.63 ; As, 35.51 per cent). 

p-Amtdinophenylorseniotis Actd (II). — The above compound (I, 15 g.) was 
finely powdered and suspended in dry ether (45 c.c.) to which absolute alcohol 
(6 c.c.) was added. Dry hydrochloric acid gas was then passed into this 
mixture, kept at 0°. Within a few minutes, a clear solution was obtained and 
on further passing hydrochloric acid gas till saturated, the solution became 
turbid The mixture, kept in a well-stoppered flask, was then left in a 
refrigerator for 10 days with occasional shaking, when the imino-ether hydro- 
chloride separated as a brownish powder, which was filtered off, washed with 
dry ether and dried in a vacuum desiccator, yield lOg. 

The above imino-ether hydrochloride (lOg.) was finely powdered and 
treated with 15% alcoholic ammonia (100 c.c.) and the mixture was heated 
in a closed vessel at 65° to 70° for 5 hours. • After cooling overnight, the almost 
colorless precipitate was filtered, washed with alcohol and dried in a vacuum 
desiccator. It was treated with cold, dilute hydrochloric acid and the solution 
was filtered to remove a minute quantity of suspended impurity and then 
basified with ammonia. On scratching, the solution gradually yielded a solid 
which was filtered and washed with cold water till free from any chloride, yield 
2.5g. It was crystallised from hot water in colorless plates, which were dried 
in vacuo over fused calcium chloride. It melts to a viscous liquid at 310". 
(Found : N, 12.01 ; As, 32.27. C7H9O2N2AS requires N, 12.28 ; As, 32.86 
per cent). It is readily soluble in cold, dilute hydrochloric acid and in cold 
dilute alkali but insoluble in aqueous ammonia or sodium bicarbonate. The 
hydrochloride was obtained as a colorless, crystalline powder by dissolving 
the compound in requisite quantity of dilute hydrochloric acid and pouring the 
solution into a large excess of acetone. It does not melt even at 325° and is fairly 
soluble in cold water. 
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BROMINATION OF OXYMETHYLENE METHYL ETHYL 
■ KETONE AND OF OXYMETHYLENE 
ACETOPHENONE 

By R. R. Agarwal, S. M. Gupta and S. S. Dkshapandr 
Oxymethylenc methyl ethyl ketone and oxymcthylene acetophenone have been broininatcd in 
free condition and in the form of sodium compound respectively. 

Bromination of oxymethylcne ketones (formyl ketones) (IT) derived from 
ketones (I) has been attempted only in few cases. It is carried out by adding 
bromine to the oxymethylene ketone, neutralised with caustic soda. Bromo- 
oxymethylene camphor and bromo-oxymethylene menthone are formed in this 
way (cf. Bruhl, lirr., 1904, 37, 2175, 2176). The structure (III) has been ascribed 
to these bromo compounds. 

R' R' 

R— CO-CH 2 -R' R— CO— C -CHOH ^ R— CO— CH— CHO 

(I) (II) 

R' 

I 

R-CO-CBr-CHO 

(III) 

Bromination of oxymethylenc cyclohcxtinone was, on the other hand, 
eflFected with the unncutralised ketone in ether solution by Mehta, Kaushal and 
Deshapande (y. Indian Chem. Soc., 1946, 23, 43) and the bromination product 
was obtained as an unstable solid, melting at 88-90°. 

The bromination of oxymethylene methyl ethyl ketone (II, R = R' = Me) 
has been carried out in unneutralised condition and a bromo derivative 
(III, R — R' — Me) has been obtained as a fairly stable solid melting at WS’. 

I 

Kcto-enolic systems — CO-CH-CO-X seem to differ from aldo-enolic 

I 

I 

systems — CO-CH-CO-H when the behaviour of their sodium compounds with 
halogens is considered. Thus, whereas sodium acetylacetone reacts with iodine 
(1 atom) to form 3 : 4-diacetyIhexane-dione (2 : 5) (IV) 

Na (I) 

Me-CO-CHs-CO-Me — > Me-CO-CH" C (ONa)-Me — > Me-CO-CH-CO-Me 

Me-CO-CH-CO-Mc 

(IV) 

sodium oxymethylenc menthone (V) gives with bromine (2 atoms) bromo- 
oxymethylene menthone (VI) (Bruhl, loc. citi). 

H Br 

NaOH I Br,j | 

OC C=CHOH — > OC C = C (ONa) — > OC C-CHO 

\/ \/ V 

CgHig CsHie CsHie 

(V) (VI) 
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We have found that oxymcthylene acetophen )ne (II R - Pli ; R'-H) 
behaves exactly similarly. Its bromination has been effected by suspending 
its sodium compound in ether and adding to it bromine (2 atoms). The 
brorno compound (III, R“*Ph ; R' = H) is a remarkably stable solid melting 
at 106". Direct bromination of oxymethylene acetophenone is difficult as the 
free ketone readily undergoes self-condensation to 1:3: 5-tribenzoylbenzene 
(Claisen and Stylos, Ber., 1888, 21, 1145). 


E X P K K I AI I*, N T A Iv 

Bromo-oxymclhylc7ie Methyl Ethyl — Oxymcthylene methyl ethyl 

ketone (7g ), prepared from methyl ethyl ketone, alcohol-free sodium ethylate 
and ethyl formate, was dissolved in dry ether and the solution cooled by ice. 
Bromine (2 atoms), suspended in dry ether, was gradually added keeping the 
temperature at 0°. A white solid began to separate. In one experiment it 
was observed that if more than two atoms of bromine were added the solid which 
first separated again dissolved and on removal of the solvent a brown syrup was 
left which evolved hydrobromic acid. When exactly two atoms of bromine 
were added, a white solid was formed which was filtered at the pump and 
repeatedly washed with small amounts of dry ether, yield 7g. It could not be 
crystallised. It melts at 143“. (Found : Br, 44.1. C^H^OsBr requires Br, 
44 per cent). The bromo-oxymethylcne ketone reduces Fehling s solution 
on warming 

Bro 7 no~oxy)nethylcne Acetophenone , — The sodium compound of oxy- 
methylenc acetophenone was formed when acetophenone, condensed with ethyl 
formate in presence of sodium in ether, was filtered at the pump and washed 
with dry ether. The sodium compound was suspended in carbon tetrachloride 
and bromine (2 atoms), dissolved in the same solvent, was added gradually 
to the suspension, kept at O'. The sodium bromide was filtered off and from 
the filtrate the solvent was removed A thick syrup was left which immediately 
solidified. Crystallised from acetic acid the brorno compound melts at 106 . 
(Found : Br, 35.5. CgHTOoBr requires Br, 35.2 per cent). The bromo-oxymethy- 
lcne ketone gives acid reactions due to the persistence of aldo-cnohc system 
in it. It dissolves in dilute alkaline solutions from which it is reprecipitated 

by acids. 
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ON THE BASE EXCHANGE POWER OF 
CLAY MINERALS* 

By vS. N. Bagciif 

The most impoitant and characteristic property of clays is their base 
exchange capacity (b.e c.). As the clay minerals arc the dominant constituents 
of clays, their base exchange capacity is rightly attributed to these clay 
minerals. 

Four groups of clay minerals have been distinguished. These are (1) 
the kaolinc group having the chemical composition Al.jOii. 25100. 2H.2O ; (2) 
the montmorillonitc group derived from the ideal formula (Al2)(Si4 )Oui(OH)o 
of pyrophyllite ; (3) the illitc group or the hydrous micas differentiated 
from muscovite mic.i, K(Al._>)(AlSi ;)Oio(OH)3, by their relatively small 
content of potassium and large percentage of water, and (4) the attapulgite 
group having the composition (OH2),(OH)2Mg5SitjO20.4H2O. 

The table below gives the values of b. e. c. ’s of these clay minerals as 
compiled by Grim (/. GcoL, 1942, 50, 225). 

Taiiue I 

1>. i'. c. (m. c.) per lOO !> 

Kiiolliiilf 9- If* Alt;\pulnilC 26-30 

Mdiitinoiillt) '111- Illite 20-40 

All ol these mincials, however, possess the same general scheme of 
atomic structure (cl 1 auling, Proc. hut Acnd.hii. V. S. A , 1930,16. 123). 
This consists of fused sheets of tetrahedral silica and octahedral hydrargillitc 
(or brucitc). Kaohnite is built up of unsymmctrical packets consisting of 
one sheet of tetrahedral silica fused to a sheet of octahedral hydrargillitc. In 
montmorillonitc the two sides of the octahedral layer arc attached to two 
tetrahedral layers. But Al' " and Si' ' , which are the only cations (leaving 

aside H' ions of OH groups) contained in these ideal structures, are not the 
usual exchangeable bases of clays. How do these exchangeable bases come in ? 
Why the b.c.c. of montmonllonite differs so widely from that of kaolinite ? 
A correct answer to the first question seems to satisfy the second one too. 

Naturally occurring montmorillionitcs contain a large amount of cations 
other tli.in AL'^' and Si' ' ‘ \ Kaolinite, however, is practically free from them. 

•• Subuu.tc'd at a sj mposiuiii on bast exohangi' of clays, held al Delhi Sesaion of JndiaD Science 
Congeess in l.innary 1947. 
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has rightly been suggested that during the growth of the crystals isomorplious 
replacements within the lattice takes place and in order to balance the charge 
excess cations are held within the lattice (Hendricks, /. Geol, 1942, 50, 276). 

From dimensional considerations it appears very probable that the 
unsymmctrical structure of kaolinite would not be able to bear the strain of 
incorporation of cations other than and within the lattice 

(cf. Pauling, Proc. Nat. Acad. Sic. U. S. A., 1930, 16, 578). Actually we 
find almost a complete lack of isomorphous replacement in these minerals. 
And consequently there could be no mono- or bivalent cations like those 
encountered in montmorillonites. 

The work of Marshall (.Trans. Faraday Soc.. 1930, 26, 173 ; Krisf., 1935, 
91, 431), Nagelschmidt (Mtn. Mag., 1938. 25, 140), Hendricks ct al, (/. Avier. 
Cheni. Soc., 1940, 62, 1457 ; Soil. Set., 1943, 56, 285) and Giesking (Soil Sci,. 
1939, 47, 1) have definitely shown that exchangeable bases are the integral 
constituents of the lattice. Moreover, in montmorillonites they are just 
those cations which have been incorporated into the lattice as a result of these 
isomorphous replacements. A more direct evidence of this hypothesis, viz., 
that the ‘excess cations’ arc the usugl exchangeable bases, is furnished by 
felspars and zeolites whose atomic structures are more thoroughly known. 

But kaolinite, as has already been pointed out, contains practically no 
mono- or bivalent cations. To what is then its b.e.c. due ? Opinion in this 
case differs. Hendricks (Ind. Eng. Chem., 1945, 37, 625) recently suggested 
that the base exchange power of kaolinitic minerals is due to the unsatisfied 
valencies developed as a result of lattice termination. The cations are fixed 
up by the negative ends of the broken bonds of these ionic lattices It is to 
be noted that in order to satisfy ‘microscopic neutrality’ of the individual 
crystallites, whenever a negative end arises simultaneously there appears a 
positive end which ought to take up anions. This amphoteric character of 
broken bonds has recently been stressed by Mitra (J Indian Chem. Soc., 1946, 
23, 386). But if the broken bonds are responsible for the base exchange power 
of kaolinite, it is expected that they should also play their part in the case of 
other ionic lattices. The accumulated evidences on montmorillonites, felspar 
and zeolites, however, show, as has already been pointed out, that it is the 
‘excess cations’ of the lattice, and not those fixed by broken bonds (if fixed at 
all), which are responsible for their base exchange power. 

It is more probable that H* ions of OH groups of kaolinite lattice are 
responsible for its b.e.c., as has been suggested by Kelley and his co-workers 
(Soil Sci., 1936, 41, 367). On this basis a plausible explanation is found for 
the dibasic acid character of hydrogen kaolinite as observed by Mukherjee and 
co-workers ( Ind.J. Agric. Set., 1942, 12, 889). In kaolinite which has a polar 
structure, two crystallographically different types of OH groups exist. The 
exposed OH groups are expected to be more basic and show a greater 
resemblance with those of pure Al(OH )3 than the subsurface OH groups 
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whose greater acid character can be traced to their location in a more acidic 
environment arising from a bonding of the basic alumina to acidic silica. The 
two types of OH groups will have different bonding energies and different 
degrees of dissociation. Hydrogen ions in two aflBnity levels are thus 
expected and these would be responsible for the observed dibasic acid 
character. 

The question naturally arises what part the OH groups of montmprillo- 
nite lattice play in the b.e c. of this mineral ? Why hydrogen montmorillonites 
show monobasic acid character? The bee. due to OH group alone (if we 
accept the measure of kaolinite) is a small fraction (about 10%) of that of 
montmorillonite. That the OH groups of montmorillonite lattice can play their 
part appears from the fact that its ideal structure, pyrophyllite, which contains 
no mono-or bivalent cation, also possesses a definite but small b.e c. comparable 
to kaolinite (Kelley et al., loc cif,'). Hence, their contribution, if there be any, 
is perhaps overlooked. The b.e.c. of hydrogen montmorillonite is due mainly 
to the H"^ ions on the surface of the packets derived from an exchange of the 
balancing cations of the lattice. Being at a considerable distance from the 
centres of negative charges, these H * ions are expected to be more dissociable 
than the H^ ions of the OH groups. Further, the first stage of dissociation 
involving the former category of H^ ions will tend to suppress that of the 
hydroxylic hydrogens as in the case of polybasic acids. The observed mono- 
basic acid character of hydrogen montmorillonite is therefore expected being 
due to a neutralisation of these readily dissociable H' ions. A second inflexion 
in the titration curve due to hydroxylic hydrogens, though not incompatible 
with structural considerations, is not observed, being too weak for detection as 
in the case of the third stage of dissociation of phosphoric acid (c.f. Britton, 
“Hydrogen Ions’’). 


Physical Chiomestry LARORAroRV, 
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A NOTE ON THE LIMITS OF SUPERSATURATION AND THE 
PARTICTLE SIZE OF THE SOLUTE 

By B. S. Srikantan 

Micrs ( /. Inst. Metals., 1927, 37, 331) postulates the existence of 

a definite supersolubility curve on the high concentration side of the normal 
solubility curve. For concentrations between the solubility curve (AB) and 
the supersolubility curve (CD), the equilibrium is meta-stable and super- 
saturation can exist there, as long as the solution is not seeded On the 
the high concentration side of the curve CD, the region has been termed 
labile, and solutions in the region G will spontaneously crystallise until the 
concentration of the solution falls to that demanded by the normal solubility 
curve AB. This proposal, though attractive, leaves undecided the question 
of how definite is the region between the supersaturated and the labile 
regions and the factors affecting the boundary of the meta-stable region. His 
experiments led him to conclude that spontaneous crystallisation occurred 
at a definite temperature on cooling a solution but not above this temperature. 
However, he cites examples of supercooling without crystallisation. Again, 
the high supersaturation exhibited by substances like sodium thiosulphate, 
copper sulphate and others as against sodium chloride etc., are to be explained. 
It is to be noted that his observations are on thermodynamically unstable 
systems which lie between the two stable states viz. (/') the saturated 
solution in equilibrium with the extra solute, and (//) the state after relieving 
ot the supersaturation by spontaneous crystallisation on undercooling. Unless 
the steps involved in this transfer arc definitely known, it is not possible to 
establish the limits of supersaturation with any degree oi certainity (cf. 
Ostwald, Z. physikal. Chem., 1897, 22, 306). 

Under conditions of stable equilibrium it has been shown by the author 
(this Journal, 1945, 22, 55) that supersolubility is controlled by the 
size of the particles with which that solution is in contact- Thus 

riS - S n^\S n- K. 

where the terms have the usual significance as before. From this it 
is atonce evident that a solution may be supersaturated for particles 
of a certain size and at the same time unsaturated for particles of smaller 
dimensions at constant temperature. It becomes therefore obvious that with 
diflferent particle sizes various solubility curves could be obtained similar to 
the normal solubility curve /.<?., with macro sizes, r-cc has been shown to 
have a maximum limiting value of 5.0/^. Thus A'B', A'B",.... ...are the 

solubility curves with different particle sizes ri, rc^ There is, however, 

a limit for this series of curves, defined by the equation SlSn^e^'^' . This 
equation has been shown by the author (thW., 1948, 25, 57) to be vjilid for all 
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values of As it approaches unity, the value of r verges on the dimensions 

of colloidal particles and in that region there is no longer the heterogeneous 
equilibrium of solid-saturated solution but is entirely guided by other factors. 
So, the lower limit for the super saturation region is defined by 1 or when 
the value of r is on the maximum side of the dimensions of colloidal range. 
Hence, the supersolubility region is bounded by the values of and r— 

Thus under conditions of equilibrium of saturation, solutions with definite 
particle sizes of the solute, the meta-stable region becomes one of supersaturation 
equilibria with different particle sizes of the solute and the region beyond 
is one of colloids with entirely diflferent properties not controlled by conditions 
of thermodynamic equilibria. 

Conditions for Spontaneous Crystallisation on Supercooling, — Considering 
a point L on the normal solubility curve AB, the saturated solution is in 
equilibrium with the solute particles of radius If assuming that in the 

process of supersolution at L all the particles arc equally affected and the 

change in r goes through r\, T'g, r.s where r^ rf) rf) the effect of 

cooling adiabatically from 7s, the temperature of saturation, leads to important 
conclusions. The temperature line parallel to the X-axis cuts the super- 

saturation curves at points Ei, E 2 , Ea--- The point Ei on the A'B' line could 

be reached when EjLi is the excess solubility over normal solubility at T'j. 


Fig. 1 



To arrive at this state of supersaturation all particles from r-®-' change to 
r\. Thus one can pass from L to E with change to smaller dimensioned 
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particles, supercooling maintaining supersolubility. But other factors are 
also operative. There is a tendency for crystallisation working in the opposite 

direction at each of the points Ei, E 2 This depends on the number 

of the nuclei present which are smaller than r at its various values. Thus, at 
El, where the size of the solute particle is ri, the nucleus for growth should 
depend on the number of particles having sizes less than ri. The formation of 
nuclei is a slow process, while their growth is fairly rapid when once formed. 
This is an ideal condition where all the particles are, to start with, of uniform 
size ; but in practice the starting is not uniform with reference to the size of the 
particles, and further, according to equation cited above, the larger particles tend 
to grow and decrease the supersolubility, and the finer particles tend to dissolve 
and also act as nuclei for growth of crystals. The final result will depend 
on the chances of smaller particles dissolving or acting as nuclei for the 
spontaneous shower and growth of crystals. Thus, for substances like sodium 
thiosulphate, copper sulphate which show high solubility and also temperature 
coefficient of solubility, high supersolubility will be maintained on cooling, but 
for substances with low solubility and also those with low temperature co- 
efficient of solubility like sodium chloride and barium chloride, the tendency 
for the spontaneous growth and crystallisation will be more evident than 
maintaining supersolubility on cooling. 

Blythe, Martin and Tongue (^Nature^ 1923, 111, 842) derive in the case of 
mechanical subdivision the equation N^ab'^'' or dN\dr — iJV, which shows 
that the rate of increase of the number of particles present of any given size 
with the decrease of diameter is proportional to the number ( A^) of particles of 
that size. So, if one starts with particles, of two sizes and rg, rg being 
smaller than rj, the rate of increase of the number of particles of r\ is pro- 
portional to the number of particles of r\. Hence, the number of ^i, if it is 

less than that of /g. no shower of crystals will form or if ri/z'g is great, there 

is a chance for spontaneous crystallisation and growth. If 7s is the temperature 
of saturation under ordinary conditions and 7c is the temperature of spon- 
taneous crystallisation and growth, 7c - 7s will be small if rj/fg is great and 
vice versa. 
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SYSTEM [AljOa— HjOJ IN RELATION TO THE DEHYDRATING 
PROPERTIES OF ALUMINA 

By A. JaYARAMAN AND B. S. SRIKANTAN 

The isobars of alumina, prepared from differeni sources have been obtained and their mechanism 
of water holding has been discussed in relation to their different catalytic activity. The catalytic activity 
is dependent on the capacity of alumina to hold water in ‘/eolith tontlition’. Tendency to form hydrates 
is shown alumina, which is known to lx* a poor catalyst. 

Adkins and his ^o-workers {J. Amer. Chem. Soc.^ 1922, 44 , 385, 2175 ; 1923, 45 , 899 ; 
1924, 46 , 130, 2291 ; 1925, 47 , 807) found that alumina prepared in different ways ex- 
hibited varying catalytic a<"tivity towards the decomp :>s it ion of formic acid, alcohols, 
and esters. This could be h irdly ascribed to til's different sudace areas of the several 
preparations, a.^ thf vaiiitioa was not confined to the total speed of the reaction but also 
affected the relative speeds of two alternate modes of decomposition which these substances 
undergo c.g., (t) dehydration and (ii) dehydrogenation in the case of alcohols and formic 
acid. They stress on the dilfcrcuce in the spacing of the aluminium atoms rather than 
the ability of alumina to ahsorl) water during dehydration, as a pl iusible explanation 
for the difference in a^'tivity. X-ray and electron diffraction studies on aluminium 
hydroxide and alumina {vide infra) do not confirm the difference in spacing of the aluminium 
atom in the various preparation;. Further, the experimental results of Adkins and 
Nissen (loc.cit.) on the formation of nitriles from amides stand in sharp contrast to their 
own suggestion. Howt‘/er, a study of alumina-water system might afford a clue to the 
nature of alumina as a dehydration catalyst, since according to Dover and Marden {J, 
Amer. Chem. Soc., 1917, 39 , lf)09) the loss of water on heating Al(OfI )3 up to 500'’ is 
quantitatively reabjorb^d if the ignited sample is kept in moist air for 24 hours. 

Weiser and Milligan [J. Plm. Chern., 1934, 38 , 1175 ; 1910, 44 , 1081) from X-ray 
and electron diffraction studies conclude that all precipitated varieties of hydrous oxides 
of alumina are as lyAl*/ . HgOl which transform througli the unstable [xAlgOa . 3 H 2 OI 
to the stable (yAbOa. 3 H 2 O}. Starting from different materials they find that the same 
structure is o))laincd though the size of the primary crystals may vary as in the case of 
aluminium hydroxide from .sulph ite. 

Fricke and Sever in (/. anoti^, Chem., 1932, 205 , 287 ) report X-ray evidence for 
[yAl 203 . 3Hj()| in th^- sample o^ aluminium hydroxide by precipitation by GO 2 on 
sodium alum natc. Weiser and Milligan {Joe. cil.) report that [xAlgO.,. 3 II 2 O] changes 
into [yAlgOa. H 2 OI at 205\ though stable up to 145'*. The hydroxide' from sodium 
aluminatc is .tcible up to IfiO ’ and decompo.ses by losing wat«'r thereafter at a slow and 
steady rate. 

Mead (cf. Milligan) finds that while the hydroxide shows X-ray evidence for 
[AI 2 O 3 . 3 H 2 OI but on igniting to 325° there is no trihydrate but only evidence of crystal- 
line [AI 2 O 3 . H 2 O] and corundum structure of AI 2 O 3 and that absorption of water does 
not alter the structure. Isobaric studie? of Milligan {J. Phys. Chem, 1922, 26 , 247) 
give no support for a monohydrate, while Rooksby (Tram. Ceram. So\, 1929, 28 , 399) 
reports a monohydrate, and Edward and Tosterud {J. Phys. Chern., 19f3, 37 , 433) give 
evidence of a second monohydrate. 
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From the above, the nature of hydroxide formed is not definite except in certain 
main details and docs not help us far in the problem of Adkin’s catalysts. It is proposed 
in this paper to study in detail the isobars of aluminium hydroxide prepared by different 
methods with a view to elucidating the mechanism of their water holding, since according 
to Bancroft {J, Phy^. Chan,, 1917, 21 , 002) a catalyst tends to produce that system which 
it absorbs most strongly. 


Experimental 
Preparation of Aluminium Hydroxide 

[a) From the Nitrate, — Aluminium nitrate crystals (50 g. of C.P., Rideal de Haehn) 
was dissolved in 350 c.c. of distilled water and the solution was boiled for a few minutes. 
To this solution was added ammonia (sp. gr. 0.91) dropwi^jc with stirring till the pre- 
cipitation was complete. The precipitate was boiled with a large excess of water and 
kept boiling for 15 minutes. It was filtered and the precipitate washed till free from 
nitrate and ammonia. The precipitate was dried at 100'" in an oven for 5 hours and 
giound to fine powder in an agate mortar, sieved to 100 mesh and kept in a vacuum 
desiccator over silica gel drier. 

{h) Fiom Ammonium Alvm. — Ammon'um alum (B.D.H. Analar, 112.5 g.) was dis- 
solved in 500 c. c. of distilled water and the solution boiled. Ammonia (sp. gr. 0.91) 
was added dropwise with stirring tdl complete precipitation The hydroxide was boiled 
with a large quantit) o*' wal( r for 15 miniPcs, filtered and washed fr'e from ammonium 
sulphate. The prcci| it.. to was dried a' 95"^ ft^r 5 hours. The sample was ground 
in an agate mortar, sieved to 100 mcsli and stored as above- in a desiccator. 

(r) From Ahminitm Acekte,— Pure aluminium acetite ( ]ohnson, 20 g.) w..s taken 
in 500 c.c. of (listiTed wate r i nd hycredysed under repea*e(l boiling. 'Phe insoluble basic 
salt was filleied, washed free from acetic acid, and the precipitate was treated with 
a few c. c. of ammonium h>droxxie and boded with addition.',! water. This was repeated 
twice over and the cempUte hydrolysis was f/V( r in 3 days, 'i’he sample was thoroughly 
washed till free from acetic ?,cid and ammon'a, dried at OO"" lor 8 hou -s, ground, sieved to 
100 mesh and stored as above. 

id) Le Chatelier Method. The aluminium hyd oxide from [b) above, was dissolved 
in sodium hydroxide (6jV) and filtered. The soliit on was maintained between 60*" and 
70° and a slow and steady stream of COg w.is passed into it. The precipitated alumina 
was filtered, washed free from traces of caustic soda and ciirbonate, dried at 100° and 
sieved to 100 mesh. The sample was kept in the desiccator as above. 

Isobars of Aluminium Hydroxide Samples.— Wxxmim. (1 to 2 g.) was weighed accurately 
and kept in a calibrated electric furnace, temperatures of which were maintained at 
different values from 100° to 400° in steps of 10°. The temperature in each case was kept 
constant within! 2°. The samples were kept at each temperature for • 3 hours and more 
apd w'eighed to constant weight after cooling in a desiccator. Final heating at 400° 
dehydrated the samples completely. Several experiments were conducted with each 
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typ)e of alumina described above and concordant results oljtained. On the initial and 
the final weights of the samples, the numljer of moles of water held by per mole of alumina 
was calculated. The graphs in Fig. 1 give the representative value for the isobars of 
alumina prepared from different starting materials and by different metliods. The 
initial water contents were below 3 moles of water per mole of alumina since observations 
were made only on samples heated to 1 00° below which some quantity of water might 
have been lost. 


Fig. 1 



A. Al^O.j irom alum 

B. ,, ,, Al acclalc 

(J. „ „ Al nitrate 

G, F, K, D. — AI 2 O 3 from 

sodium alurninate by prccipita* 
lion with CO 2 


1) 1 S 0 V S S I O N 

It is seen from the results presented in I that the nature ol the I.,e Chatelier’s alumina 
is entirely different from those of the otliers ol)taincd by precipitation from the different 
salts of aluminium. The latter give similar isobars and form a class Ijy themselves. The 
curves (A, B &C) for the system, [AI2O3- HaO] is bivariant and give continuous desorption 
curves. The curves for hydrates according to phase rule are univariant giving stepped 
curves denoting a definite hydrate at each step. Inhere appears to be no definite mono- 
hydrate in these c.ases and the stoichiometric lormulae describe only a limiting com- 
position. Water is rcmcjved by dehydration in a continuous manner without giving 
rise to a new solid phase. Emeleus and Anderson (“Modern Aspects of Inorganic 
Chemistry’*, 1942, p. 163) consider from similar cases that water is neither lx>und by covalent 
bonds nor hydrogen bonds as in the case of regular hydrates but as being packed between 
the layers of the crystal or in the interstices of the structure. Water held in such a manner 
is classified by them as ‘zeolite water.’ The removal of zeolite water according to them 
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may change the spacing l>ctwcen the successive layers of the crystal. The curve (G,F,E,D) 
for the same system is made up of two bivariant systems ((JF & ED), one with a limiting * 
composition of 3 moh^s of water and the other of 1 mole of water. Thus, the sudden 
transition (FE) at 220'' denotes a change from one bivariant system to another. This 
part of the curve is similar to that which would be obtained in a univariant system 
[AI 2 O 3 . 2 H 2 O, AlgO^.H-^O-HgO vapour). In this case water above 1 mole according 
to Emelcus and Anderson {loc, cil,) Would be what is described i\s “lattice water”, which 
is a border case between chemically bound water and “zeolite water”. 

From Adkin’s work {loc, cit.) it is seen that precipitated alumini from aluminium 
salts is about 1.5 times more active than that prepared by Chatelier method for de- 
hydration. So it could be concluded that capacity of alumina to hold water in zeolitic 
condition gives a more actixe variety of catalyst for dehydration reactions than either 
lattice type or (heinically bound type of water holding : Removal of zeolitic water, 
altering the spacing of the successive layers of the crystal, might help to render the catalyst 
more active. Evidenc'e lor this view is forthcoming in th“ recent work of Bentley and 
Faechim (J. Sac. (ihem. Ind.^ 1945, 64 , 148) who rendered a relatively le>s active alumina 
into an active dehydi’ation catalyst by alternate hydration and dehydration. Thus the 
difference in the activity of alumina catalyst in dehydration processes would appear to be 
due to the difference in tlie mode of water of Adding and not U) the spacing of the 
aluminium atoms. 

It is well known thet lineness of subdivision increases the catalytic activity. In the 
case of alumina, such subdivision might incrccise the area of the effective surface or might 
alter the mechanism of water holding. Experim(*nts of Hagiwara (J. Alexander, “Colloid 
Chemistry”, 1920, Vol. 1, pp. 647-0)58) on the isobars of aluminium hydroxide show that 
fine grinding change's the curve from univariant one to a bivariant one. In other words, 
fine particles tiike up water in a zeolitic manner, while bigger crystals form definite hydrates. 

'Fhe authors’ thanks are due to Principal Dr. J. J. Rudra, M.B.E., for his kind interest. 
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VARIAl’ION OF ABSOLUTE VISGOSl'l’Y WI I H CONGENI’RA ITON. 
ORGANIG SOLUTES IN NON-AQUEOUS SOLVENTS 

By A. N. Bose 


The viscosity of iion-electrolytes in non-aqueous solvents has been slucliecl at clifreren( concentrations. 
It has been found that Taiinini’s second (‘quation lopj-jj —0^ +(^ is applic able to the most of the systems 
studied here. 'J’he values ol the constants, d and <f> , ol the above equation have been calculated. 


In *i previous communiration by Bosr (this Joional, 1918, 25, the variation ol 

viscosity with concentration has been studied. In the present paper the same work has 
been extended to the other systems of or^^anie solutes in ncjn-af|iieous sedvents. 

'Fhc experimental method emp oyed for the tlctermination of vdscosity is the same 
as in the previous paper. Results obtained are given in Table 1. 

The viscosity was determined at four different concentrations and at various 
temperatures. The observations at only two different temperatui es, lowest and the 
highest, are recorded Ixilow. The concentrations given arc expressed in grams of anhy- 
drous solute in 100 grams of pure solvent. 


Table I 


Solute. 

'lemp. 


Viscosity at 

different concentrations. 





Solvent — MeOH. 





c - 

bb.O 

74.0 

83.0 

93.0 

Benzoic 

30® 


0.011960 

0.012900 

0.013600 

- 

acid 

45® 


0.009466 

.010020 

0.010530 

0.011330 




65.0 

72.0 

75.0 

88.0 

Salicylic 

35" 


0.010490 

0.010860 

0.011180 

0.012620 

acid 

50° 


0.008273 

0.008572 

0.008818 

0.009692 




24.6 

29.5 

33.0 

37.0 

Phthalic 

35" 


0.009160 

0.010010 

0.01085 

0.011680 

acid 

50° 


0.007180 

0.007900 

0.008526 

0.009060 




37.5 

42.4 

45.0 

50.3 

Cinnamic 

35^* 


0.008921 

0.009758 

0.010140 

0.010920 

acid 

50° 


0.007246 

0.007679 

0.007970 

0.008460 



c-^ 

110.7 

144.40 

156.6 

167.0 

w-Nitro 

35° 


0.018850 

0.024850 

0.027730 

0.030250 

I)enzoic 

50' 


0.014210 

0.018030 

0.020260 

0.021620 

acid 










19.6 

25.5 

27.8 

33.5 

Succinic 



0.008055 

0.009203 

0.009556 

— 

acid 



0.006460 

0.007331 

0.007603 

0.008441 
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Table I (contd,) 


•Solute- remp- Viscosity at different concentrations. 

Solvent — Propyl alcohol. 




c = 

40.0 

44.0 

50.0 

56.0 

Benzoic- 

30® 


0.025310 

0.026030 

0.027240 

0.028440 

acid 

45^ 


0.017700 

0.018160 

0.018810 

0.019650 



c = 

35.4 

43.7 

50.0 

54.3 

'salicylic 

35® 


0.021300 

0.022360 

0.024270 

0.024000 

acid 

50° 


0.015100 

0.016020 

0.016900 

0.017220 



c = 

5.6 

7.8 

10.6 

13.5 

Fhthalic 

40° 


0.0163200 

0.017320 

0.018870 



acid 

55" 


0.012650 

0.012390 

0.013310 

0.014210 



c - 

18.2 

24.1 

30.3 

34.2 

Cinnamic 

35° 


0.020660 

0.022240 

0.024400 



acid 

55° 


0.012900 

0.014000 

0.015060 

0.015870 



— 

78.4 

89.7 

98.3 

108.0 

M/-Nitro ben zoic- 

45° 


0.030070 

0.032860 

0.036200 

0.039510 

acid 

5 S' 


0.023240 

0.025200 

0.027810 

0.030180 



cr = 

6.1 

7.5 

8.8 

9.8 

S uccinic 

40° 


0.016570 

0.017200 

0.017770 

0.018880 

acid 

55° 


0.011900 

0.012140 

0.012710 

0.013130 





Solvent =3 

Butyl alcohol. 





c — 

30.3 

39.0 

44.5 

50.5 

Salicylic- 

35° 


0.024530 

0.026560 

0.027610 

. 

acid 

55" 


0.015500 

. 0.016730 

0.017250 

0.017940 



c- 

4.9 

7.3 

9.2 



Phthalic 

45° 


0.018060 

0.019280 

0.019850 



acid 

50° 


0.016040 

0.017120 

0.017800 

— 



r — 

15.7 

21.2 

25x6 



Cinnamic 

45° 


0.019320 

0.020730 

0.021800 



acid 

55° 


0.015320 

0.016380 

0.017210 

— 



c = 

2.7 

5.8 

7.8 



Succinic 

45° 


0.017040 

0.018480 

0.019430 



acid 

55° 


0.013570 

0.014730 

0.015410 

— 




Solvent 

— Acetone. 





c - 56.9 

53.0 

62.5 

69.1 

Benzoic 

35° 

0.006741 

0.006647 

0.007283 

0.007500 

acid 

4.5° 

0.005924 

‘0.005884 

0.006407 

0.006571 




Solvent 

Nitrobenzene. 





c- 12.0 

16.0 

21.0 


Benzoic 

40® 

0.016260 

0.016750 

0.017460 


^acid 

55® 

0.013020 

0.013330 

0.013930 

- 1 
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Discussion 

From the results given in Table I, the following types of curves have been plotted; 
{a) viscosity against concentration, {b) log viscosity against concentration. Of these 
two types of curves, log viscosity against concentration is found to be more applicable 
to these systems also. The results for the plot ol‘ log viscosity against concefitration ic 
given in Fable II. The plotted curves have Ixren divided into three categories, viz,, 
(i) those which give a straight line, (ii) those giving positive cuivatuiv and [Hi) those 
which give negative curviauie. 


Tari K II 


Siraighl line. 

I. Mf*OH — Succinic acid 
-■ ,, ' RenzoK acid 

n — Salicylii acid 

n -- Phthalu acid 

— CinnaniK acid 

///-Nilroben/oic acid 
7. PrOH - Benzoic arid 
M - Salicylic acid 
^ Phtlialic a(id 

1^* M — (Jinnamic **^^1 

II- .. - /y/-Nitr<)hen/oic ru id 

12. BiiOH — Salicylic acid 
I'L ,, - Cinnamic acid 


Posiiivr c in vaturc. 

1. PrOH- Succinic ac 1(1 

2. Nitroben/cnc- 
Ben/oi( acid 


Net^alve c urvatiiie. 

1 . Acelonc Benzoic ac id 


From the ro>ults given ab )vv it is obserxed ih.\i ihe si\* aid rqnition of Taimin. 
logrj ^ ‘ ... .... (F 

is obeyed by most oi’ the .systems sHidicd hc'ie. 


Solutr. 


Benzoic acid 
Salicylic acid 
Phthalic acid 
Cinnamic acid 
?w-Nitrobenzioc acid 
Succinic acid 


of the i’bove rquation \I) have 

been calculated for the svste.r 

ir 6 and (f) 

.UT gi\c'ii in fable III. 

'I’able 111 

Temp. --45®. 


10-^- 

4,. 

.Solvc*nt MrOH. 

'f] of (calc .) 

f) ol (JUir solscni. 

4.100 

.^.6974 

0.004982 

0.004100 

2.910 

.7619 

0.005780 


9.451 

.6577 

0.004546 


5.146 

.7022 

0.005037 


3.428 

.8198 - 

0.006604 


8.352 

.6802 

0.004790 
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table \l~{contd.) 





(calc.). 

'>7 of pure solvent. 


Solvent *= 

Pr.OH. 



Benzoic and 

2.770 

2.1371 

0.013710 

0.012600 

Salicylic acid 

3.227 

.1105 

0.012900 


Phthalic acid 

11.900 

.0979 

0.012530 


Cinnamic acid 

5.322 

.1149 

0.013030 


>yy-Nitrobenzoic acid 

t.441 

.1167 

0.013090 


Succinic acid 

10.370 

.1076 

0.012810 



Solvent ■= 

BuOH. 



Salicylic acid 

3.300 

".1905 

0.015510 

0.01.590 

Phthalic acid 

11.940 

.1975 

0.015760 


Cinnamic acid 

5.543 

.1990 

0.015850 


Succinic acid 

28.500 

.0650 

0.011610 



Solveni— 

- Acetone 



Benzoic acid 

L573 

^ .5823 

0.003820 



Solvent- 

-Nitrobenzene 



Benzoic arid 

3.250 

.1379 

0.013790 



From the results given in Table III th'^ following observations m ly be mide : 

(1) For ihe soJuiion; of propyl alcohol —phth ilic a<^’irl, propyl alcohol -'succinic acid 
and butyl alcohol -phthalic icid the difference between the values of viscosity calculated 
and the viscosity of the pure solvent is within l^o* 

(2) For the solutions of propyl aloohol — -salicylic acid, propyl alcohol- -cinnamic 
acid, propyl alcohol- -w-nilrobenzoic acid, butyl alcohol -salicylic acid and methyl 
alcohol — phthalic acid the difference is within 5‘yo- 

(3) For the solutions of methyl alcohol —succinic acid and propyl alcohol -benzoic 
acid the difference is within 5% to 10%. 

(4) For the rest of the sulutions studied in this paper the difference is abov^e 10% 

It is observed that for the systems of propyl alcohol and butyl alcoh")!, the differe'i:^ 

l)f tween die value of the vi'cosity calculated from Taimini’s equation and the vi cosit y 
of th( puie solvent i^ not much as compared to the systems of methyl alcohol. This may 
be due to die solvation being moic maikcd in the systems of methyl alcohol than those ir. 
propyl alcohol and butyl alcohol. 

The author wishes to express his 'sincere thanks to Dr. A. G. Ghatte^ji for his 
valuable suggestions and guidance in this work and to the U.P. Government for the grant 
of a leseaich fellowship. 
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SYNTHESI.S OF SUBSTITUTED DINITROPHENYLKETONES 
AND PHENYLACETIC ACIDS. PART VI 

By A. B. Sen and P. M. Bhargava 

2 :6-Dinitro-4-iodophenvl-afetonf and -aretic arid and 2-mrlhvl-'?-tarbrihox\-‘j-amino-7-iod<iindole 
)iavc* been prepared. 

In the previous Communications (Sen and Bhargava, this Journal, 1947, 24, 268, 
371, 403 ; 1948, 25, 282, 538) the preparation ol a number of halogenalcd dinitro- 
phcnylketones and phenylacelic acids has been described ; the method employed was 
to condense a halogenated dinitrobenzene containing a reactive chlorine atom, with 
acetoacetic and malonic esters, and to submit the resulting product to hydrolysis. In this 
paper, this reaction has been extended to the preparation of 2 : 6-dinitro-4-iodophenyl- 
acetone and -acetic acid. The ketone has been chaiacterised by the preparation of its 
phenyl hy dr azone ; its oxime, however, could not be obtained. The reduction of 2 :6- 
dinitro-4-iodophenylaretoacetic ester by iron powder and water yields an indole derivative. 

Experimental 

^•Iodo-2 '.Minitrophenol was obtained prevoiusly by Armstrong {Ber., 1873, 6,650) 
by the iodination of 2 :6-dinitrophenol, but the exact experimental details being not 
available, it was prcpaied by us in the following way. 

2 :6-Dinitrophenol (20.5 g.) was dissolved in Yn>{ glacial acetic acid and a finely 
powdered mixture of iodine (30 g.) and freshly prepared yellow mercuric oxide (13 g.) 
was added to it gradually, during li hours. Each addition was followed by heating 
the solution to boiling, and shaking till the colour of the iodine was discharged. After 
the addition was complete, the contents of the flask were stirred mechanically for one 
hour and then left overnight. The acetic acid layer Wcis then decanted off and the resi- 
dual mercuric iodide extracted twice, with 10 c.c. of glacial acetic acid each time. The 
combined acetic acid solutions were diluted with a small amount of water and the pre- 
cipitate so obtained was filtered. On recrystallisation from hot alcohol, the iododinitrophe- 
nol was obtained as dark orange-red crystals, m.p. 112.5^. A further crop of the 
compound was obtained by concentrating the mother-liquor, yield 20 g. (58 of theory). 

2 :6-DinitrO"4:^iodophenylacetoacetic Ester. — The sodium dcriv.ative of acetoacetic 
ester was prepared as usual, from acetoacetic ester (12.5 g.) and sodium (2 g.) in anhy- 
drous benzene (75 c. c.). After the last traces of sodium had disappeared, the flask was 
cooled in ice and l-chloro-4-iodo-2 :6-dinitrobenzene (13 g.) (prepared from 4-iodo-2:6- 
dinitrophenol by the method of Sane and Joshi, J. Indian Chem. Soc., 1932, 9,61) 
added. The contents of the flask were stirred mechanically for one hour in cold, then 
refluxed for 6 hours and left overnight. The mixture was then extracted with 2% caustic 
soda solution (300 c. c.), the extract cooled with ice and acidified with dilute nitric acid, 
when a red oil separated out. This was left to settle down in a refrigerator, when the 
greater part of the oil solidified. The supernatant liquid was then decanted off, the 
mixture shaken with 40 c, c, of cold alcohol and filtered. The dark reddish brown crystals 
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on the filler paper consisted of the dinitroiodophenylaceto^cetic ester. Another crop of 
the ester was obtained by allowing the alcoholic filtrate to evaporate by itself, yield 14 g. 
(84% of theory). On recrystallisation by dissolving in hot alcohol, filtering and allowing 
the filtrate to evaporate slowly, the ester was obtained as very fine, pale yellow needles, 
m.p. 113-14°. (Found : N, 6.RI. Ci2H,i07N2T requires N, 6.61 per cent). 

2 'fy-Dinitro~A^iodo[)henylacetone,— T\\^ nude 2 ifi-dinitro-l-iodophenylacetoacetic ester 
(4 g.) was dissolved in sulphuric acid (concentrated, 45 c.c.), and to this, water (21 c.c.) 
was added slowly, with constant stirring and without cooling. The bla^k solution was 
then allowed to stand for an hour, when the evolution of cirbon dioxide ceased. Tt was 
then poured over crushed ice, allowed to stand in a refrigerator overnight and filtered, 
when the crude ketone was olna«ned as an admosi blark crystalline mass. On recrystal- 
lisation from hot alcohol, it was obtained as light brown crystals, m.p. 138-39°, yield 
theoretical. (Found : N, 8.12. C^H^OaNgT requires N, 8.0 per cent). 

The phenvlhydrazone of the above ketone was obtained by dissolving the crude ketone 
(1 g.) in hot alcohol (15 c. c.) and refluxing for one hour with phenylhydrazine (1.5 c.c.). 
The mixture was then cooled in ice, diluted with a small quantity of water and filtered. 
The dark coloured residue was dissdvcd in boiling alcohol, filtered hot and the filtrate 
allowed to evaporate slowly, when th( phenylhydrayone separated out. CJn recrystal- 
lisation from a mixture of equal quantities of alcohol and acetone, the phenylhydra/.one 
was obtained as a brown crystalline substance, m.p. HO-42 (decoinp.), yield 0.5 g. (40*^,, 
of theory). (Found : N, 12.38. C,„H,3()^N4l requires N, 12.73 per cent). 

2 :6-Dimtro^A^iodophenylacetic Acid - -The crude 2 :6-dinitro-4-iodophenylacetoacetic 
ester (2 g.) was refluxed for one hour with 20®o alcoholic potash (13 c.c.) to which one 
c. c. of water had been added. The alcohol was then distilled off, the residue cooled in 
ice and then acidified with hydrochloric acid. It was filtered and the dark coloured 
residue extracted with hot alcohol, the extract being filtered hot. The filtrate was aUo»ved 
to evaporate by itself and the dark brown acid separating was purified by dissolving in 
sodium carbonate solution, filtering and reprecipitating with hydrochloric acid. It 
does not melt but gives off iodine on heating strongly, yield I g. (60"() of theory). (Found : 
N, 7.66. CgHgOgNgl requires N, 7.95 per cent). 

2^MethjM^arb€thoxy~5-amino^7~iodoindole, — The crude 2 :6-dinitro-4-iodc>phenylaccto- 
acetic ester (1.5 g.), iron powder (2.5 g.), crystalline ferrous sulphate (0.25 g.) 
and water (8 c.c.) were refluxed for three hours. It was then cooled with shaking in ice and 
filtered. The residue was extracted four times, with 10 c.c. of alcohol each time, the ex- 
tract filtered hot and the filtrate allowed to evaporate by itself when 2-meihyl S-carbelhoxy- 
5-amino-7-iodoindolc separated out as colorless crystals turning dark violet immediately 
on exposure to air, m.p. 194-95°, yield 1.1 g. (54% of theory). (Found : N, 7.91. 
C12H13O2N2I requires N, 8.14 per cent). 

One of the authors (P.M.B.) is indebted to the Lucknow University for the award 
of a research grant for carrying out this work. 

Chemical Laboratories, Rete\v^<idu\\ It. 1948 . 

Lucknow University. . . . 
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CHARGE AND STABILITY OF COLLOIDS. PART XIV. EFFECT OF 

NON-ELECTROLYTES 


By A. c. Chatterji and Ram Nath 


1 he effect of non-clectrolyteh such as propyl, iyopropyl and butyl alcohol, glycol, glycerol and acetone 
on the stability of arsenious sulphide sol has been studied. It has been observed that the variations in 
the coagulation concentration of an electrolyte and the adsorption of oppositely charged ions ol the same 
electrolyte do not always go hand in hand. 


In part II of this series of papers ( J. Indian Chern. Sac., 1943, 20 , 109) the effect of non- 
electrolytes such as methyl alcohol, ethyl alcohol, agar agar and gelatin was studied. 
In this paper the work has been extended and the effect of propyl, /jopropyl and butyl 
alcohol, glycol, glycerol and acetone has l>een studied from the viewpoint of the variation 
in the coagulation concentration and the adsorption of oppositely charged ions by the 
colloidtil particles of arsenious sulphide .sol. 

It has been suggested in the previous paper {loc. cil.) that when protection takes 
place, ihe charge on the ( olloid need not necessarily increase appreciably. This view 
has been confirmed, and as a matter of fact, while stability against coagulation by electro- 
lytes goes on increasing, the adsorption of oppositely charged ions near about the coa- 
gulation point instead of increasing actually decreases. 

In this paper adsoiption of oppositely charged ions by the colloidal particles of ar- 
senious sulphide sol has been measured by the method given in part I of this series of 
papers (J. Indian Chem, Soc., 1943, 20 , 25) in presence of various non-electrolytes, in vary- 
ing concentrations, in order to find out how the adsorption varies under different condi- 
tions. Under the limitations, as pointed out in the same paper {loc, cit,)^ the charge on 
the colloidal particles has been calculated from the chemical adsorption alone, on the 
assumption that the adsorbed ions of the electrolyte desplace all ions of the same sign in 
the electrical double layer. 


Experimental 

'rhe experimental procedure followed in this paper is the same as given in part I 
{loc. cit.). The coagulation concentrations for a particular sol of known concentration, 
when propyl and trppropyl alcohols were added in increasing amounts, are given in Table 
Ia and Ib respectively. 
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Table Ia 

Cone, of sol =20.1 g. /line, 

Sol taken =5 c.c. Total volume =10 c.c. 
Time of coagulation = 1 hour. 


Table Ib 

Cone, of sol=21.94 g/litre. 

Sol taken=5 c.c. Total volume=10 c.c. 
Time of coagulation =1 hour. 


PrOH added 
(% by volume). 

Coagulating cone, 
of A780- BaGl 2 . 

isoPrOH added 
(% by volume). 

Coagulating cone. 
ofN/80- BaCla. 

0 c.c. 

1.9 L.(. 

0 c.c. 

2.0 c.c. 

1 

2.05 

1 

2.05 

10 

2.6 

10 

2.2 

20 

.5.0 

15 

2.3 

30 

.5.6 

20 

2.5 


From the above tables a stabilisation is observed with propyl alcohol and wopropyl 
alcohol towards electrolytes. In the following tables the adsorption of oppositely charged 
ions by the particles of arsenious sulphide sol, when non-electrolytes are added in varying 
concentrations, are given. 


Fable II 

Variation in the adsorption of Bahians by the particles of ardenious sulphide sol when ptopyl 
alcohol u added in increasing concentrations. 

Cone, of the sol =20.01 g./litre. Radius of the par tide =75 j[;t/x(byextra polation). Sol 
taken =200 c.c. Total volume =400 c.c. No. of particle's in the sol taken =6.376 10‘*. 


Nature of sol. 


A'20-BaClj 

added. 

Sol -f water 


22 C.C. 

Sol -f I c.c. alcohol 

+ water 

22 

»> + 2 „ 

+ 

23 

»j 4 - 4 „ 

+ f» 

23 

»i -b 8 „ 

+ »i 

25 

»> 

+ fi 

25 


+ f) 

26 

,> +50 

+ M 

30 



Adsorption of Baions 

Charge 

Total. 

Physical. 

Chemical. 

e.s.n. X 101> 

.002645 g. 

0.01265 g. 

0.01380 g. 

9.13 

.02710 

.01268 

.01442 

9.54 

.02690 

.01270 

.01420 

9.39 

.02657 

.01268 

.01389 

9.19 

.02610 

.01266 

.01344 

8.89 

.02487 

.01268 

.01219 

8.06 

.02410 

.01268 

.01142 

7.55 

.02308 

.01260 

.01048 

6.93 
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Table Hi 


Variation in the absorption of Ba^iom by the particles of As^S.^ sol when isopropyl 
alcohol is added in increasing cone. 


Cone, of the sol=21.94 g. /litre. Radius of the particles=75 /i/x (by extrapolation). 
Sol taken=200 c.c. 'Fotal volume^ 400 c.c. No. of particles in the sol taken=6.99 X 10^*. 

Nature of sol. A 720 -BaCl 2 Adsorption of Ba-ions Charge 

added. 






Total. 

Physical. 

Chemical. 

e.s.u. X 106 

Sol 

4- water 


22 c.c. 

0.03130 g. 

0.01540 g. 

0.01590 g. 

9.55 

Sol 

-j- Ic.c. alcohol 

+ water 

22 

.03331 

.01560 

.01771 

10.65 


+ 2 

1- „ 

23 

.03154 

.01545 

.01609 

9.70 

.» 

+ 4 


23 

.03131 

.01548 

.01583 

9.54 

If 

4" 8 M 

“f 11 

25 

.03048 

.01540 

.01508 

9.09 


+ 16 

4 11 

2.5 

.02930 

.01550 

.01380 

8.32 

n 

+32 

4- 11 

26 

.02871 

.015t8 

.01323 

- 7.98 

>> 

+50 

+ 1, 

30 

.02810 

.01.540 

.01270 

7.66 


Table IV 

Variation in the adsorption of Ba-ions by the particle!^ of AsgSs ^ol when g\yccol is added 

in increasing cone. 


Cone, of the sol— 18 89 g. /litre. Radius ol the particle -7 5 (by extrapolation), 
Sol taken — 200 c.c. Total volume -400 c.c. No. orparticle> in the sol taken' 6.02 x 10^^. 


Nature of sol. 


A 720 -BaGl 2 

added. 

Adsorption of Ba^ 

Total. Physical. 

•ions 

Chemical 

Charge 

e.s.u, X 106. 

Sol 

4- water 


22 ( .c. 

0.02328 g. 0.01102 g. 

0.01226 g. 

8.60 

Sol 

4- Ic.c. glycol 

4- water 

22 

.02411 .OHIO 

.01301 

9.11 

a 

4-2 ,, 


23 

.02386 .OHIO 

.01276 

8.94 

ti 

+ 4 

4- 1, 

25 

.02343 .01100 

.01243 

8.71 

»» 

4-8 ,, 

4- „ 

25 

.02331 .01105 

.01226 

8.59 

»i 

4-16 

j- 

1 >' 

26 

.02330 .01100 

.01230 

8.61 

1 1 

4-32 

4 

30 

.02320 .01100 

01220 

8.54 


Fable V 


Variation in the adsorptun oj Ba^ions by the particle:^ oj ^hen glyteiol 

is added in increasing cone. 


Cone, of the sol=20.65 g./litre. Radius of the particle=75 /x/x (by extrapolation). 
Sol taken=200 c.c. Total volume— 400 c.c. No. of particles in the sol taken -6.58 x 10^* 

Nature of sol. iV/20-BaCl2 Adsorption of Ba-ions Charge 

added. 







Total, 

Physical 

Chemical. 

e.s.u. \ 10® 

Sol 

-|- water 



22 c.c. 

0.02769 g. 

0.01293 g. 

0.01476 g. 

9.46 

Sol 

4 Ic.c. glecerol 

4 water 

22 

.02853 

.01300 

.01552 

9.94 

» 

+ 2 

»i 

4 tt 

23 

.02850 

.01300 

.01550 

9.93 

>» 

+ 4 


4 tt 

23 

.02816 

.01298 

.01518 

9.72 

ft 

4 8 

>> 

4 tt 

24 

— 

.01290 

— 

— 

ft 

+ 16 

tt 

4 tt 

24 

.02769 

.01302 

.01467 

9.40 

tt 

+36 

tt 

4 tt 

25 

.02557 

.01300 . 

.01257 

8.05 

tt 

+64 

tt 

“h tt 

30 

.02490 

.01300 

.01190 

7.62 
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Table VI 


Variation in the adsorption of Ba^ions by the particles of arsenious sulphide sol when butyl alcohol 
is added in increasing concentration. 


Cone, ol* the sol = 19.48 g. /Hire. Radius of the particle=75 jjbfjL (by extrapolation). 
Sol takcn=-200 c.c. Total v()lume=400 c.c. No. of particles in the sol taken=6.206 X 10^^. 


Nature of the sol A 720 -BaCl 2 Adsorption of Ba-ions Charge 

added. 







Total. 

Physical. 

Chemical. 

c.s.u. X 10®. 

Sol 

-1- water 



22 c.c. 

0.02566 g. 

0.01275 g. 

0.01291g. 

8.79 

Sol 

4- Icc. alcohol 

4- water 

22 

.02408 

.01286 

.01122 

7.62 


+ 2 

9S 

-f .. 

23 

.02430 

.01286 

.01144 

7.77 


4- 4 

99 

4- 

23 

— 

.01286 

-- 

. — 

99 

-f 8 

99 

-h >» 

24 

.02524 

.01280 

.01214 

7.77 


4-10 

99 

4- 

26 

.02576 

.01285 

.01291 

8.74 


4-13 



26 

.02632 

.01275 

.01.3.57 

9.22 

99 

4-16 


4- ,, 

30 

.02632 

.01285 

.01347 

9.15 

1 9 

4-24 


4- 

30 

.02500 

.01280 

.01220 

8.29 


Table VII 


Variation in the adsorption oj Ba^ions when acetone k added in increasing concent) at inn. 


Gone, of the sol— 21.94 g. 'litre. Radius of the particle — 75 (by exlrapolation). 
Sol taken — 200 c.c. Total volume— 400 c.c. No. ol particles in the sol takcn=6.99 ^ 10^*. 


Nature of the sol. 


.\720.BaCl2 



added 

.Sol 4- water 


23 c.c. 

Sol 4-lc.c. acetone 

4- water 

23 

ji 4- 1 i> 

4- n 

24 

-h 2 ,, 


24 

.,4-4 ,, 

4- 

26 

V 4- 8 ,, 

4 

26 

4- 16 ,, 

4 

28 

, , 4-32 

4- >1 

29.5 

1 » 4- 50 , , 

4- M 

30 

„ 4- 64 

4- , , 

32 



D I s c u 


.\dsorption of Ba-iuns Charge 


total. 

Physical. 

Chemical. 

e.s.u. X 10®. 

0.03160 g. 

0.01613 g 

0.01517 g 

9.33 

.03044 

.01610 

.01131 

8 65 

— 

.01620 

- 

— 

.03120 

.01620 

.0 1.500 

9.05 

.03140 

.01613 

.01527 

9.21 

.03180 

.01621 

.01559 

9.40 

.03048 

.01630 

.01418 

9.55 

.03000 

.01624 

.01376 

8.30 

.02954 

.01625 

.01319 

8.02 

.02840 

.01625 

.01215 

7.33 
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From the results given in the above tables it can be seen that in the case of propyl 
and txopropyl alcohol, glycol and glycerol, there is a slight increase on the charge of the 
colloid, which is then followed by a decrease on the addition of larger amounts of non- 
electrolyte. In the latter condition the charge^ continuously falls and goes even below its 
original value. In the case of acetone and butyl alcohol there is a slight lowering in the 
initial stages, followed by an increase and then a decrease on the addition of larger amounts 
of non-electrolytes. In the case of propyl and wopropyl alcohols, however, stability to- 
wards coagulation concentration goes on increasing irrespective of the variation of charge, 
as calculated from the adsorption experiments. Further, it is interesting to note that 
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when coagulation concentration is plotted against the amount of non-electrolyte added, 
in case of propyl alcohol there is a rapid increase in stability, whereas in the case of uo- 
propyl alcohol the rate of increase is much slower. The physical adsorption almost 
remains constant in each case. 

Out of the many factors which affect the stability of colloids on the addition of non- 
ekctrolytes, the lowering in the dielectric constant and the lowering of the solid-liquid 
intei facial tension are greatly emphasised. The addition of a non-electrolyte with a 
lower dielectric constant lowers the dielectrics of the medium. This may affect the 
stability in three ways : It brings about (i) a greater repulsive force between the 
colloidal particles on account of which the sol becomes stabilised, (ii) an increased elec- 
trical adsorption of the oppositely chfirged ions by the colloid, which will sensitise the 
sol, and (3) a repulsion between similarly charged ions, which means thu they are less 
adsorbed and hence sensitisation results. The net eflFect will depend upon the magnitude 
of these three factors (cf. Mukherjee and Chaudhury, J. Indian Chew. Soc., 1925, 2 , 307). 

The decrease in interfacial tension increases stability and it is just possible that the 
charge may be negligible, but due to lowering ol* interfacial tension stability may be 
increased, and also a colloid, with a low charge, may be more stable than a colloid with 
a high charge il its inter facial tension is sufficiently low. This may explain the apparent 
paradox that though the charge decreases yet the coagulation concentration increases. 
This will specially be the case with non-elec troy tes of lower surface tension. 

I hus from the above it may be seen that if on the addition of the non-electrolyte 
a diminution ol the dielcctnc constant accompanied by a decrease in the solid-liquid 
interfacial tension tak(‘s place, then we may have stability with not simultaneous in- 
crease of thc' charge on the colloid. But if along with these two eflects, increased 
electric<il adsorption ol oppositely charged ions b\ the c olloid also takes place, the charge 
may be hjwered. Hence, it is possible to have stability towards electrolytic coagulation 
accompanied by not mia h v^ariation in the charge, or even the lowering of the charge 
ol the colloid. I he net efi'cct will depend upon the magnitude of these various factors. 
It appears that in the majority of cases like propyl alcohol, /sopropyl alcohol, glvcol, 
and glycerol, stability accompanied by a lowering in the charge is produced. 

1 he initial increase in the charge on the addition of non-elecirolytes in small con- 
centrations is indicated by the increase in the ‘chemical adsorption’. A clear conception 
as to how this is brought about, is not yet available. This may be due to the desorption 
of secondarily charged ions or a decrease in the thickness of the double layer, but certainly 
cannot be due to an increase in the adsorption of the similarly charged ions, because here 
no electrolyte is added. Attempts are being made to obtain more data to clear this point. 

The initial decrease in charge in the case of acetone and butyl alcohol may be due to 
some complex formation between the potential bearing ions on the surface of the colloid 
and the non-electrolyte (cf. Kawjat, Colloid J-, 1939, 5 , 399). 


Chemical LABORAiuRy, 
Lucknow UxivERsiTy, 
Lucknow. 


Rm itfid August 6 . 1948 . 



(Jour, Indian Chcm, Soc., Vol. 26, No. 2, 1949] 


VARIATION OF ABSOtUTE VISCOSITY WITH TEMPERATURE. 
ORGANIC SOLUTES IN NON-AQUEOUS SOLVENTS 
By A. N. BOSE 


Thf* variation of viscosity with temperature of non-clectrolytes in non-aqueous solvents has been 
studied. It has been observed that the simple equation of Andrade, log /’ is applicable to the 

most of the systems studied here. The values of the constants A and of the above equation have been 
calculated and it has been found that A is the same both in aqueous and non-aqueous media, while /» 
changes from solvent to sc»lvent. 

In a previous j^aper (Chatterji and Bose, this Journal, 1948, 25, 39), the 
variation of absolute viscosity with temperature was studied. In the present communi- 
cation the same w irk has been extended to other systems of non-electrolytes in non- 
aqueous solvents. 


Experimental 

The method employed is the same as given in the previous paper (loc. cit.). The 
results obtained are given in Table I. The viscoity was determined at four different 
concentrations and at several temperatures. But on account of brevity of space, the 
obsei'vations at the highest and at the lowest concentrations have only been recorded 
below. The concent rat ions gl\en a»‘e expressed in g. of anhydrous solute in 100 g. of 
pure solvent. 


Table 1 




Viscosity 

oj solutions 

at* different 

temperatures. 



Solut*- 

Cone 

25 . 

30 . 

35‘. 

40 . 

45 . 

50^ 




Solvent 

Methyl alcohol. 



Benzoic 

68.0 

0.01311 

0.01196 

0.010980 

0.010140 

0.009466 

— 

acid 

83.0 


0.013600 

0.012500 

0.0114700 

0.010530 

— 

Salicylic 

65.0 


_ 

0.010490 

0.009732 

0.008932 

0.008273 

acid 

75.0 

- 


0.011180 

0.010360 

0.009552 

0.008818 

Phthalic 

24.6 

_ 


0.009160 

0.008445 

0.007770 

0.007180 

acid 

33.0 

- 


0.010850 

0.010090 

0.009326 

0.008526 

Cinnamic 

37.5 



0.008910 

0.008453 

0.007855 

0.007246 

acid 

50.3 



0.010920 

0.010030 

0.009163 

0.008460 

m-Nitro- 

110.0 



0.018890 

0.017270 

0.015730 

0.014210 

benzoic 

156.0 



, 0.027730 

0.0242.50 

0.022620 

0.020260 

acid 








Succinic 

19.6 





a008055 

0.007491 

0.006981 

0.006460 

acid 

27.8 

— 

— 

0.009556 

0.008870 

0.008175 

0.007603 




Solvent: 

= Acetone, 




Bezoic 

56.00 

0.00755 

0.007075 

0.006647 

0.006278 

0.005884 


* acid 

62.5 - ‘ 


0,007776 

0.007283 

0.006819' 

0.006407 
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Table i {contd.) 


Solute. 

Cone. 

o * 

O 

CO 

35^ 

40°. 

45°. 

50°. 

55°. 

Benzoic 

40.0 

0.025310 

Solvent — 

0.022430 

Propyl alcohol. 

0.019880 

0.017700 



acid 

56.0 

0.028440 

0.0249BO 

0.022060 

0.019650 

— 

— 

Salicylic 

43.0 



0.022360 

0.020120 

0.017910 

0.016020 

0.01438 

acid 

54.0 

— 

— 

0.021700 

0.019290 

0.017220 

0.01545 

Phthalic 

lO.G 


0.021330 

0.018870 

0.016720 

0.014880 

0.01331 

acid 

5.6 

— 

0.017800 

0.01G320 

0.014570 

0.013020 

0.01165 

Cinnamic 

18.2 



0.020G60 

0.0183G0 

0.010290 

0.014520 

0.01292 

acid 

30.3 


0.02 tlOO 

0.021.580 

0.108880 

0.01G830 

0.01.506 

>//-Nitro- 

benzoic 

108.4 

- 

- 


O.OS'ttlO 

0.03 1560 

0.03018 

acid 

78.8 

— 

— 

— 

0.030(170 

0.026320 

0.02324 

Succinic 

6.1 



0.018720 

0.016570 

0.01 1920 

0.013260 

0.01190 

acid 

9.8 

— 

— 

0.018880 

0.0I63.')0 

0.011620 

0.01313 


Salicylic 

.30.3 


Sc)lvcnt 

0.024530 

Butyl alcohol. 

0.021870 

0.019510 

0.017360 

0.01.550 

acid 

44.5 

-- 

0.027610 

0.023750 

0.021 5 U) 

0.019280 

0.01725 

Pthalic 

4.9 



0.023020 

0.020330 

0.018060 

0.016010 

0.01432 

ac id 

7.3 

— 

-- 

0 021800 

0.019280 

0.017120 

0.01529 

Cinnamic 

21.2 






0.020730 

0.018380 

0.01638 

acid 

15.7 

- 

0.024800 

0.021900 

0.019320 

0.017120 

0.01532 

Succinu 

2.7 

_ 

0.021670 

0 019100 

0.017040 

0.015100 

0.01357 

acid 

7.8 


— 

— 

0.019430 

0.017260 

0.01541 

Benzoic 

12.0 


Soh cm 

0.017460 

— Niliobcn/cnc. 

0.016260 

0.015030 

0.013970 

0.01302 

acid 

21.0 


— 

0.017160 

O.OIGIIO 

0.014920 

0.01393 


From the results given in Table I, the following types of curves have been plotted : 
{\)rj — /,(2) logr; — /,(3) log r) — 1/T; of these types of curves log viscosity against 1/T gives 
a more general and clearer approach to linearity like other systems studied in the previous 
paper. In almost all the systems the plot of log r;— 1/T give; a straight line, except in 
a few systems like, methyl alcohol — -benzoic acid, methyl alcohol — -phthalic acid, methyl 
alcohol — cinnamic acid, and methyl alcohol — w-nitrobenzoic acid, where there is a very 

slight positive curvature. Hence the Andrade’s equation lo^ rj A+B/T (1) 

is applicable to the most of the systems studied here, 



80 


A. N. BOSE 


It is observed that in the systems of methyl alcohol and different organic rcids the 
plot of log viscosity against l/Tis not a straight line ; this may be due to the marked as- 
sociation of the methyl alcohol molecules as compared to the other alcohols of the same 
series. . 

From the Andrade’s equation the values of the constants A and B have also been 
calculpted. The results obtained are given in Table II. 


Table ll. 


Solute. 

A. 


Solute. A, 

/((;//r). 

Solute. A. 

Solvent -- 

MeOH. 


Solvent = Pr OH. 


Solvent = BuOH. 


Benzoic acid 

-7.0951 

1567 

Benzoic acid -8.0050 

2310 

Salicylic acid -8.0640 

2320 

Salicylic acid 

-7.4750 

171? 

Salicylic acid -9.4100 

2330 

Phthalic .acid -9.4710 

2448 

Phthalic acid 

-7.3970 

1690 

Phthalic acid -9.4240 

2410 

Cinnamic acid -9.5 MO 

2468 

Cinnamic acid 

-7.7790 

1809 

Cinnamic acid -9.6989 

2514 

Succinic acid -9.3091 

2375 

m-Nitrobenzoir 



w-Nitrobenzoic 




acid 

-8.0660 

2020 

acid -10.106 

1700 

Solvent Acetone. 
Benzoic acid -5.8840 

1132 

Succinic acid 

-8.1554 

1887 

Slice inic acid -9.0560 

2280 

Solvent- Ntrobenzrne, 
Benzoic acid -7.5790 

1816 


The value of A for different systems is almost constant and he s the same numerical 
value as those of the sy.^tems already studied in the previous paper. If in the equation 
of Andrade we take the value of T as infinity then logrj^/l, i.e., the vise sity of the 
infinite temperatuie 's nearly tht same in all the systems, aqueous or non-aqueous. 

The value of B appeals to be the charact. list'c oi’ the solvent, e g. for the systems of 
methyl alcohol it is neaily 1800, for propyl and butyl .alcohol it is betwc.en 2300 and 
2500. This may be due to the presence of CH^ group in between CHg and OH group 
and thus making the OH group less active. 

The author wishes to expicss his moifsincere thi iks to Dr. A. G. Ghitteji for his 
valuable suggestions and guidance in th's work and to th^ U.P. i’’ rbr thi grmt 

of a research fellowship. 
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INFLUENCE OF CONCENTRATION ON THE PROPERTIES OF 
ARABIC ACID SOLUTION 

By S. N. Mukherjee and K. B. Ghosh 


Arabic acid solution is a polydispersr system consisting of micelles of different states of aggregation, 
'rhe trend of the changes of the properties with concentration studied here indicates that there is probably 
a formation of aggregates in this system too, but such phenomenon does not appear to begin abruptly at any 
particular concentration. Rather it is more probable that the proress of aggregation is progres.sive, right 
from very low concentrations. Although there appear breaks in the curves showing variation of different 
properties as functions of concentration, these do not all occur at the same concentration. 


Gum arabic occurs in nature as an exudate of Acacia arabica (Beng., Babla). As 
isolated by usual methods it consists mostly of the salt of a complex acid with potassium, 
calcium and magnesium (cf.O’Sullivan, (Jliem. Soc.^ 1884,45, 41) as inferred from the 
nature of the ash obtained by incinerating the purified gum. By hydrolysing the gum 
with sulphuric acid O’ Sullivan obtained a pentose sugar (arabinose), a relatively small 
quantity of hexose (galactose) and an acid which he tenned “arabic acid.” More recent 
work shows that this acid consists of a compound of rf-glycuronic acid and galactose con- 
taining other carbohydrate molecules (rf-galactose, Z-arabinose and rhamnosc) attached 
to it by glycosidic binding (Butler and Crctcher, J. Amer. Cliem, Soc., 1929, 51, 1519 ; 
Norman, Biochem. J., 1929, 23, 24, 524 ; Weinmann, Ber.^ 1929, 62, 1637). This acid 
kernel has been known as the galactose-glycuronic acid (more generally as aldobionic 
acid) the constitution and composition of which h«ive been investigated in a comparatively 
recent work by Hotchkins and Goebel {J, Amer. Chem. Soc., 1936, 58, 858). 

Properties of this acid in aqueous solution present some peculiar featuie.s which 
were looked upon by the earlier workers as dillicult of explanation and 
attributed to the colloidal nature of the solution. Fhomas and Murray 

(J. Phys. Chem., 1928, 32, 676) carried out systematic investigations 

on its electrochemical and osmotic properties in solution. More recently Pauli 
and Ripper {Kolloid Z., 1933, 62, 162) as well as Pauli and Palmrich {ibid., 1937, 79, 
63), Taft and Malm (J. Phys. Chem., 1931, 35, 874), and Briggs {ibid., 1934, 38, 867) 
have made important contributions to our knowledge of the electrochemical properties 
of the acid hydrosol prepared and purified by electrodialysis. Kruyt and Tendeloo 
{Koll.’-Chem. Beih., 1929, 29, 396) from viscosity measurements in presence and absence 
of electrolytes have concluded that the aqueous solution of the gum acid has the character- 
istics of a lyophilic colloid. Pauli and Ripper {loc. cit.) have suggested that the ionogenic 
part of the complex glycuronic acid, viz., the carboxyl group, imparts a negative charge 
to the sol particles by its electrolytic dissociation, whereas the attached carbohydrate 
groups principally behave as the neutral part whose hydration impai ts lyophilic character 
to the sol. 

The arabic acid in aqueous solution has thus been looked upon as a colloidal electro- 
lyte. Physical properties, specially electrochemical properties of the hydrosols of col- 
loidal electrolytes show characteristic variations with concentration as has been shown 
by McBain and co-workers (McBain and Betz, J. Amer. Chem. Soc., 1935, 57, 1909), 
Lottermoser and Puschel {Kolloid 1933, 63, 175) and Hartley and co-workers (vide 
the summarising paper, Kolloid Z*y 1939, 88, 22). A study of the nature of these variations 
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has undoubtedly served to elucidate the state of aggregation of the particles existing in 
such sols and also to understand the anomalous electrochemicnl and osmotic properties 
of a number of such substances. The pregient work aims at an investigation into the 
influence of concentration on different properties of the aqueous solution along this line 
and at a correct assessment of the role of the colloid character of the solution upon its 
behaviour. 


E X P E R I M E N r A L 


Acid sols used in the present investigation were prepared by purification and hydro- 
lysis of the gum in the following manner. 

Gum arabic (Merck Alniss. VII; 30 g.) was dissolved in 250 c. c. of equilibrium 
water (1.2x 10**mho at 35"') and filtered ; 30 g. of NaCfi of reagent quality were added 
to it and dissolved by shaking ; the resulting sodium salt was then precipitated out by 
addition of 700 c. c. ol’ rectified spirit and separated by filtration. The residue was th^m 
pressed between filter papers, dissolved again in 150 c. c. water and 17 g. of NaCl were 
added to it. The sodium salt was once again precipitated by excess of alcohol. This 
process of solution and precipitation ol’the Na salt was repeated several times in order to 
remove completely the basic radicals, c.g., K, Ca and Mg. Three such repetitions were 
found sufficient for the purpose (cf. Bungenberg de Jong and Teunissen, KolL-Chem, 
BeiK, 1938, 47 , 254). 

The sodium salt was next dissolved in 100 c.c. of water mixed with about 50 c.c. 
3A/’-HCl and the salt precipitated again by 500 c, c. of rectified spirit, filtered, the residue 
washed with 75^*o alcohol till free from, chlorine, and then with alcohol-water mixture 
(50:50) several times. The residue was then dried at loom temperature (SO'') on a 
clock glass. 

The purified acid, thus obtained, was picserved in the solid state in a well cleaned 
resistance glass Ixittle from which T’o prepared by weighing out the requisite 

amount in equilibrium water and shaking it thoiouglily in a mechanical shaker for half an 
hour. The resulting sol was preserved in similar bottles, sterilised by continued steaming, 
under a layer of* toluene. The pn and specific conductance were found to remain con- 
stant in presence of toluene. After four weeks a slight turbidity appeared, but no 
other change was indicated. 

After six weeks, however, the pH and specific conductance of the sol indicated definite 
signs of change (pn changed from 2.95 to 2.71 and sp. conductance from 4.50 x 10-^ to 
4.75 X 10'^ mho). The sols used in the present investigation were in no case four weeks 
old and different samples were prepared. The purified solid appeared to suffier a loss of 
peptisability with time and each time the starting sol was made from freshly prepared 
gum acid. Consequently it was ascertained by experiments that the sols were comparable 
with each other so far as the properties studied in the present investigation were concerned 
provided they had the same acid contents (cf. Taft and Malm, loc, cit,). 
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The acid used for preparation of the sol was tested before for nitrogen, phosphorus, 
sulphur and chlorine and also for reducing sugars. Specific rotation was — 27° and the 
the ash content, 0.12%. These properties compare very favourably with those of 
previous workers. 

The effect of concentration was mainly studied with respect to (i) ultrafiltration, 
{ii) specific conductance, (Hi) free and total acidity, {iv) dissociation constant and {v) 
cataphoretic velocity. 

Hydrogen-ion activity and total acidity were determined electrochemical! y by 
titration with NaOH with a hydrogen electrode. T’he platinum deposit of the electrode 
was removed and replatinisalion done every day alter measurements to avoid erratic 
behaviours of the electrode (vide Mukherjee cl aL, Indian J. Ague. Sci.^ 1936, 6, 517). 

To ascertain whether equilibrium between the gum acid and the base has been 
attained in potentiometric and conductometric titrations within the usual time allowed 
in such experiments, the same volume of the sol (10 c. c.) as used in these experiments 
was taken in a series of Jena bottles, mixed with coi responding amounts of the base and 
kept for 24 hours after which the specific conductance and pn of these samples were 
determined. The results obtained indicated that the ef|uilihrium in the interaction of 
the acid with NaOH was reached within r short time (cf. Briggs, lor, ri/.). Citaphoretic 
velocity (C. V.) was measured in the same manner as reported in a previous paper b\ 
the author (cf. Mukherjee and Sarkar, this Jowtial^ 1947, 24, 65). 

Discussion 

Ulhajillration.— ’llic sol was observed not to pass through a parchment nor a col- 
lodion membrane during dialysis but it could be ultrafiltered through cell*i membrane 
No. 600, under pressure. 'I’he process was, however, extremely slow. Hie ultrafiltrate 
presented an appearance similar to that of the parent sol ; its specific conductance was 
high being of the same order as that of the sol from which it was derived. The total 
acidity as determined by titration with NaOH was also high being about 50 ‘/q of the 
parent sol. Whether the acid in the ultrafiltrate was present in true solution could not, 
however, be ascertained a priori. Ultramicroscopic examination revealed the presence 
of a large number of particles executing brisk Brownian movement. 'Their number 
was observed to be smaller than that in the parent sol as determined by a preliminary 
counting. 

I'ABLE 1 

Arabic acid solution. 


Temp. =35® 


Gone. 

(g. /litre) 

Sp. cond. 

X 104 mho. 

Sp. cond. of ulira- 
hllrate x 10* mho. 

Cone. 

(g. /litre) 

Sp. cond. Sp. lond. of ultra- 
X 104 mho. filtrate x 104 mho. 

1.12 

0.75 

0.67 

2.25 

1.75 

0.92 

1.40 

0.90 

0.75 

S.60 

2.30 

1.50 

1.80 

1.80 

0.80 

9.40 

S.'S? 

1.72 
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Sols "of different concentrations 'were ultrafiltcred and in every case a difference in 
the specific conductance between the sol and its ultrafiltrate was observed to exist. Al- 
though the difference became gradually smaller with decreasing concentration, it per- 
sisted even up to the lowest concentration observed by us (vide Table I). 

These observations, however, bring out that arabic acid sol is a polydisperse system 
which contains particles of different size. Further corroboration is obtained from the 
observation that the sol also contains paticles of microscopic size which are visible by 
an ordinary microscope with magnification of about x600. 

Specific and Equivalent Conductance , — The relevant data have been presented in Table II. 

Table II 

Awbic Olid solution, 

'1 rmp. — 35^ +0.1°. Sp. cond. of water used - 1.1 a 10—6 mho at 35°. 


Cone, in 


Sp. cond. (v) 
obs. X 10 mho. 

r/H calc, 
from /VH 

Sp. cond. 
calc, from 
flii <10 mho. 

Equiv. cond. 
per R. /litre. 

0.25 

0.50 

0.186 

0.32 

0.1.38 

7.44x10-** 

0.40 

0,63 

0.288 

0.65 

0.260 

7.20 

0.90 

0.95 

0.594 

1.48 

0.592 

6.60 

1.50 

1.30 

0.730 

2.00 

0.800 

4.20 

4.00 

2.00 

1.800 

6.60 

2.640 

4.50 

7.00 

2.70 

3.240 

10.50 

4.200 

4.60 

8.00 

2.80 

3.540 

11.10 

4.500 

4.50 


Since the variations in specific conductance do not show any point of particular 
interest and hence these have not been graphically shown. Instead, the equivalent con- 
ductance derived from these have been shown in Fig. 1 against square root of concentration. 
Since these acids (as will be shown in a future communication) have no fixed total 
acidity which has been observed to show variations with the nature of the bases used 
for inter action, it is difficult to estimate the equivalent weight of arabic acid, and so the 
equivalent conductance cannot be calculated as in ordinary acids. In this case therefore 
a quantity (y^) has been defined as the conductance offered by a solution sufficient in 
volume to contain 1 g. of the acid and placed between two electrodes of indefinite size (cf. 
Mukherjee and Sarkar, loc, cit,). 

Fig. 1 Fig. 2. 



^ Ckmc, of Acid in g./lAtre 
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be^strictly pioportional tOK the equivalent conductance. The \ — y/c curve, 
according to Onsager’s equation 

AC 

(where a®“ stands for the equivalent conductance at infinite dilution and A is a constant) 
should be a straight line sloping downwaids with inciease in y/c. The giaph as shown 
in Fig. 1 is, however, not a stiaight line but a curve sloping downwards with a kink at a 
concentr^tion of about 0.8 g. of the acid per litie. The curve, however, reaches al- 
most a constant value at higher concentration and does not show any minimum. 

The kink observed in the curves at low concentrations has been looked upon 

as indications of aggregate formation in solutions of colloidal electrolytes like soap solutions 
and solutions of the salts of different long chain fatty acids and long ch lin sulphonic acids 
(cf. McBain, loc. cit. Lottermoser and co-workers, loc. cit. Hartley, lot. cit.). A similar 
line of argument would also suggest the existence of aggregate formation in this case as 
well. This aspect will be judged in the light of evidences obtained from behav^iour of 
other properties in the following sections. 

It will not be irrelevant to raise one pertinent question in this connection as to whether 
the Orsager’s equation can be applied to the present system. I'he Debye-Huckel in- 
terionic attraction theory, of which Onsager’s equation forms only an extension, assumes 
complete dissociation of the electrolyte which is far from true in the present system, as 
evident from its low specific conductance. The assumption of spherical symmetry, which 
is another important point on which the calculations are based, cannot be justfred in the 
present case, since here even the simple anions are much larger and mostly consist of 
sugar molecules with an ionisable carlroxyl group situated at one end. The distribution 
of counter ions (H-ions) rs far from uniform or symmetrical round each anion. And 
although it can be visualised that hydrogen ions are distributed round each anion, it is 
difficult to visualise how micellar anions will be distributed round each hydrogen-ion 
which is an important assumption in the inter ionic attraction theory. Moreover, the 
hydration ()f the carbohydrate part m.ikes the picture more comjrlex. 

It will so be observed that the values of specific conductance are low indicating 
a low degree of dissociation of the acid. Another interesting feature is that the observed 
values of specific conductance arc much lower than those obtained by calculation form 
the hydrogen-ion activity alone of the solution as determined from its pu (vide column 5 
of Table IT) at higher concentrations but become almost equal in dilute solutions. 
Thus in the arabic acid solution there exists a discrepancy between the hydrogen -ion 
activity and specific conductance. It is, however, difficult to visualise how hydrogen 
ions, which register their potential {i.c., are active), fail to contribute to specific con- 
ductance. This is also against the accepted view's in electrochemistry. Probably the 
assumption of independent migration of ions, on which these calculations arc based, is 
responsible for such anomalies. If, however, a lower value of ionic conductance be 
assumed for H-ions due to intrrioiiic attractions, the corrections introduced are expected 
to remove the discrepancy to a certain extent. 

Free and Total Acidity . — The free a^'idity (aw) or the hydrogen-ion activity has been 
from the pn values determined potentiometrically. The total acidity {c ) 
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has been worked out from the potentiometric titration of the acid with NaOH. The 
data appear in Ta])le HI. 


TABLE III 
Arabic acid solution. 
Temp. =35 + 0.1°. 


Cone. 

(g./l.) 

pu. 

Free acidity 
rtHX 104jV. 

Total acidity 
fii X lO^^V. 

ah/ch ratio 
(=/). 

Total acidity X lO^A' 
(conductometric) 

0.33 

4.26 

0.55 

2.80 

0.197 

— 

0.44 

4.16 

0.70 

3.80 

0.184 

3.72 

0.55 

4.05 

0.89 

4.80 

0.185 

4.83 

0.66 

3.99 

1.02 

5.60 

0.182 

5.58 

0.77 

3.91 

1.23 

7.00 

0.186 

6.96 

0.88 

3.83 

1.48 

7.60 

0.190 

7.55 

0.09 

3.79 

1.60 

8.60 

0.186 

— 

1.10 

3.78 

1.66 

9.50 

0.179 

— 

1.21 

3.75 

1.76 

10.5 

0.167 

— 

1.32 

3.72 

1.92 

11.4 

0.168 

11.29 

1.43 

3.70 

1.96 

12.3 

0.160 

12.29 

1.65 

3.68 

2.10 

14.3 

0.149 

14.10 

1.89 

3.68 

2.08 

17.1 

0.121 

16.95 


3.38 

2.21 

19.0 

0.115 

18.90 


The variations of cz” with concentration (c) have been presented in Fig. 2. The 
curve shows a progressive increase with concentration and runs smooth. A close scrutiny 
of the total aridities ((ch) from column 4 of Table III will show that they vary linearly 
with concentration, which signifies that the total acidity per g. of the acid does not 
change with concentration. 

Thus the al:>sence of any break in these* curves does not help very much in supplying 
any evidence with regard to the foimation of aggregates in the system. The ratio of free 
to total acidity {a /cH=^f) (shown in column 5, Table III) was therefore drawn against 
concentration with a view to bringing in further analysis of these data. The curve, 
shown in Fig. 3, evidently passes through a small minimum followed by a maximum 
at low concentrations. The sharp decrease beyond the maximum occurs at a concen- 
tration of about 0.9 g. /litre and it decreases steadily at higher concentrations, i 
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t 





The potentiometric titration curves with NaOH from which the total aciditic-. Woic 
determined as shown in Fig. 4, present the chir.i leristic le.ituies of a strong acid at 
highei concentrations. With increasing tlihilion the initial flat portion oi the curve tends 
to he smaller and smaller, thus simulating the featuie, of weak acids to a cei tam e.xtent. 
The pH of neutralisation, however, varies very little with concentration and occurs in 
close vicinity of pn 7, which is again a charecteristic feature of strong acids. 

Conductometiic titration curves (Fig. 5), however, show two inflexion points. t 
first the specific conductance diminishci rapi lly with the addition of the alknii, an >e- 
yond the first inflexion it tends to increase to a certain extent till the second inflexion is 
reached, after which the curve ha, a steeper and linear rise coriesponding to the alka i 
line. The firet inflexion point in the conduclom-lric tilr.dion curve approximately 
corresponds to the neutralisation ot free acidity (hyvlrogen-ion activity) as obtame, r nn 
pH measurements. 
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The second inflexion po^t followed by the alkali line probably indicates the neu- 
tralisation of the total acid. Compared with potcnliomelric titration data (column 6, 
Table III) values of total acidity obtained for corresponding concentrations by the 
conductometric method show fair agieement. Equivalent weight of the acid, as calculated 
fiom the base required for complete neutralisation, comes out to be 1184 approximately 
which shows a satisfactory agreement with the value of 1175 obtained by Thomas and 
Muna> [lo(\ cit.) and 1210 observed by Bui)g( nl)erg de Jong {loc. cit.). The base re- 
quired lor neutralisation of 1 g. of the acid has been calculated to be 84.4 ^ 10’ ccpii- 
valents of NaOH. 

Thf Dis.socintion Constant . — The dissociation constant of the acid cannot obviously 
be calculated from the potcntiomctric titration curve's, as they resemble those of stnmg 
acids and Hendeison's equation for calculation of pV cannot be applied. From con- 
ductometric titrations the dissociation constant can be calculated if wo remember that 
the first inflexion point of such curves gives the free acidity which, may roughly be taken 
to be the h)drogen-ion concentration and that the concenti ation of die anions is equel 
to the hydrogen-ion activity or free acidity of the solution. With thrse assumptions the 
dissociation constant, 

(C^h)‘^ 

K = whei*e C stands for the hydrogen-ion conct'ntration at the first 

Ch — inflexion. 

The values of K obtained in this way ai'c given in Table IV. 

Tabl. IV. 

Dissociation 


Cone, of acid 
(g/litre). 

Dissociation 
coiibiani z*- 10^. 

Cone . of ac id 
(R/lilrc). 

const X 

0.11 

0.398 

1.40 

3.0* 

0.22 

0.79 

1.80 

3.7* 

0.73 

1.80 

2.25 

13.1 

0.90 

2.5* 

3.60 

17.7 

1.12 

2.5* 

9.‘1 

29.6 


The dissociation constants have an order of lO"** which indicates a weak character of the 
acid, while the potentiomcntic titration curves resemble those of strong acids. 
Again, the dissociation constant exhibits variation with concentration for which reason 
it is more or less a misnomer to call it a constant. The nature of the variations has been 
shown in Fig. 6. The curve shows a slow increase at lower concentrations followed by a 
region of constant value (0.90 to 1.80 g./litre marked by asterisks in Table IV). Beyond 
this region the curve shoots up, followed again by a region of slow but steady rise. The 
experiment was repeated in a second specimen, the curve for which runs almost parallel 
to the previous one. 

The diminution of the slope of the curve at higher concentrations is suggestive of a 
tendency to reach a constant value at still higher concentrations. Pauli and Palmrich 
{loc. cit.)^ however, observed a steady increase of the dissociation constant with a tendency 
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to reach a constant value at higher concentrations. Their observations, how.^A.r, d d not 
extend to low concentrations, and hence they missed the peculiar nature of the va^'iaiioa 
of this property. 

Two different view points have, however, been advanced by Pauli and co-w.^rkers 
{loc. ciL), Valko {Kolloid Z , 1930, 51 , 130) has suggested that the dissociation constant, 
which is a ratio of the two velocity constants (viz., those of the forward and backward 
reactions of the reversible dissociation process), must be influenced by a change in one or 
both the velocity constants. In a binary dissociation process, if it be assumed that one 
of the products of dissociation be congealed or removed due to association to form 
bigger micelles, the rate of the reverse reaction will be ('onsiderably diminished due to 
diminished chances of collision. This will tend to increase the value of K. In the light 
of these observations the increase of K should be due to aggregate formition pioceeding 
in this case, and since this increase of K goes on right from very low concentiations, 
it may be inferred that aggregation also proceeds in this system from low concentrations 
as well. 

The second view point was proposed by Briggs ( 7- Phys. Cheni., 1934, 38 , 867) who 
regards the acid jls a polylxisic one the dissociation of which in aqueous solution do‘s not 
proceed in a simple and uniform manner like that of a monobasic acid at all con- 
trations. At higher concentrations the primary dissociation becomes prominent, at 
lower concentrations the secondary, tertiary and other types of dissociation may appear 
which are generally of weak character. He cites the ntlure of the potentiometric titration 
curves in support of his views, but this does not appear to be plausible as these curves 
resemble those of strong monobasic acids, rather than a polybasic acid having dissociation 
constants separated from one another by a narrow margin. Assuming the theory of 
widely separated charges as proposed by Simms (J. Arner. Chem. Sue., 1926, 48 , 1239, 
1251) the monobasic nature of the potentiometric titration curves can be understood 
as the result of aggreg<ition or association, in which c.ise also the successive stages of the 
dissociation of the acid cannot be looked upon as being the s\mc as the dissociation of a 
polybasic acid in successive stages. 

Hence, the plausible conclusions from the variation of K with concentration are 
that probably some type of aggregation proceeds within the system as proposed by Valko 
{lac. cit.). As to the shape and nature of the potentiometric titration curves the discus- 
sion is postponed until further work is done on the interaction of this acid with bases. 

Cataphoretic Velocity (C. V.). — Results of cataphoretic measurements in the case of 
arabic acid in the same way as referred to in a previous paper by one of the authors (vide 
Mukherjee and Sarkar, loc. cit.) have been presented in Table V and graphically shown 
in Fig. 7. 


Table V 


Cone. 

(g/litre). 

G.V. X 10“* 

Cone. 

(g/lilre). 

C.V. X 104. 

0.125 

1.2 

1.50 

4.2 

0.25 

2.0 

2.00 

2.9 

0.50 

2.9 

4.00 

2.2 

0.75 

4.0 

8.00 

1.25 

LOO 

5.0 

10.0 

1.60 
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The curve evidently exhibits a maximum at a concentration of 1.0 g. /litre, which b 
quite close to the concentration where A— and OuIch — c curves exhibit their breaks 
(about 0.9 g. /litre in Figs. 1 and 3). The increase in C. V. indicates an increase in con- 

Fig, 7 



0 I 2 

Cone in per litre* 

ductance on the part of the micelle anion. Hartley [loc. at.) reports a rise of equivalent 
conductance of the micelle ions in his system, and McBain {loc. cit.) reports a rise of trans- 
port number above unity in Na-soap solutions. Both of them have explained their 
observations as due to the formation of aggregates on the part of the paraffin chain ions 
to form micelles. In the present system, since an increase in C.V. is okserved from very 
low concentrations (even below that indicated as the critical concentration form the 
^ — y/c curves) a progressive aggregate formation right from low concentrations appears 
to be suggestive. The cause of a decrease of cataphorctic velocity is not, however, pro- 
perly undentood. More work seems to be essential for a definite conclusion on this 
point. 

Our grateful thanks are due to Dr. J. N. Mukherjee, D.Sc., F.N.I., Director, Indian 
Agricultural Research Institute, New Delhi, for his very kind help and suggestions in 
course of this piece of work. 


Physical Chemistry LABORAroRiEs, 
CoLLEOEOF EnOINEERINC & TECHNOLOI.y, 
Jadavpur, Calcutta 

AND 

University College of Science, 
Calcutta. 


Received November 3, 1948. 



[Jour Indian Ghcm Soc., Vol, 20, No. 2, 19J9] 


VARIATION OF RELATIVE VISCOSITY WITH TEMPERATURE. 
ORGANIC SOLUTES IN NON-AQUEOUS SOLVENTS 

By A. C. ChatterJI and A. N. BoSE 


The variation ol relative viscosity with temperature has been studied. In most of the systems studied 
-—4, a; is nPgati\o but for the systems of butyl alcohol-phthalic acid, butyl alcohol- 

succinic acid, and propyl alcohol-succinic acid the value of | * ) '* almost zero at lower cc)ncenlr.Uions. 

^tl '*7o/ 

This may be due to the fart that the molecules of butyl alcohol and propyl alcohol are less associated than 
the* molecules of methyl alcohol. 


In a previous communication (Chatlciji rnd Boso, this Journal, 1948, 25, 91) the 
variation of relative viscosity with temperature has been stuciiccl. In this p.iper the s.irnc. 
work hrs been extended to other systems of organic .solutes in non-aqueous solvents 


Experimental 

'Ihc method employed is the same as in the previous paper. Result.s calculated 
from the viscosity data, thus obtained, are given in Table I. 


Table I 


Solute. Cone. 25”. 30". 35". tO . 15 \ 50'. 55". 

(g./lOOg.) 

Solvcnlr Methyl alcohol. 


Bcn/oic 

68.0 

2.373 

2.300 

2.253 

2.221 

2.201 

- 

— 

acid 

03.0 


2.614 

2 564 

2.512 

2.148 

— 

— 

Salicylic 

65.0 

— 

— 

2.153 

2.131 

2.077 

2.040 

— 

acid 

75.0 

— 

— 

2.292 

2.269 

2.221 

2.190 

- 

Phthalic 

33.0 


- 

2.228 

2.208 

2.170 

2.116 

— 

acid 

24.6 

— 

— 

1.879 

1.850 

1.806 

1.783 

— 

Cinnamic 

37.5 



— 

1.900 

1.852 

1.827 

1.798 

— . 

acid 

50.3 

— 

— 

2.242 

2.196 

2.132 

2.208 

— 

fw-Nitro- 

110.0 



— 

3.863 

3.782 

3.658 

3.528 

— 

benzoic 

acid 

156.0 



5.031 

5.260 

5.421 

5.690 


Succinic 

19.6 

- 


1.653 

1.641 

1.624 

1.604 



ac^ 

27.8 

— 

— 

1.960 

1.943 

1.901 

1.887 

— 
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Table I {contd,) 


Solute. 

Cone. 

25^ 

30°. 

35°. 

40°. 

45°. 

50°. 

55°. 

Benzoic 

(g./IOO g.) 

68.2 


Solvent zs 

Propyl alcohol. 

1.686 

1.680 

1.670 

1.650 

acid 

42.2 

— 

— 

1.456 

1.448 

1.438 

1.420 

1.411 

Salicylic 

54.0 

— 

— 

— 

1.545 

1.527 

1.525 

1.507 

acid 

43.0 

— 

— 

1.435 

1.432 

1.426 

1.417 

1.403 

Phthalic 

10.6 

— 

— 

1.359 

1.344 

1.331 

1.316 

1.299 

acid 

5.6 

— 

— 

1.173 

1.167 

1.160 

1.151 

1.138 

Cinnamic 

30.3 

— 

— 

1.555 

1.536 

1.504 

1.490 

1.456 

acid 

18.2 

— 

— 

1.316 

1.308 

1.296 

1.205 

1.260 

w/-Nilro- 

108.4 

— 





_ _ 

3.146 

3.057 

2.945 

benzoic 

78.8 

— 

— 

— 


2.393 

2.330 

2.263 

acid 

Succinic 

6 1 



1.118 

1.118 

1.118 

1.1173 

1.1170 

acid 

0.8 


— 

— 

1.309 

1.302 

1.294 

1.283 

Salicylic 

44.5 


Solvent ^ Butyl 

— 1.373 

alcohol. 

1.364 

1.355 

1.366 

1.359 

acid 

30.3 

— 

— 

1.220 

1.229 

1.229 

1.230 

1.220 

Phthalic 

4.9 

— 



1.142 

1.141 

1.136 

1.136 

1.135 

acid 

7.3 

— 

— 

— 

1.224 

1.213 

1.213 

1.207 

Cinnamic 

21.2 

— 





1.315 

1.304 

1.300 

1.288 

acid 

15.7 

— 

- 

1.235 

1.228 

1.214 

1.213 

1.207 

Succinic 

2.7 





1,077 

1.071 

1.071 

1.070 

1.069 

acid 

7.8 

— 

-- 

— 

— 

1.222 

1.223 

1.214 


Discussion 


It has been suggested in the previous paper that if the solvent consists of associated 
molecules and the solute forms solvates with the solvent molecules, the value of S/S/(rjj/ 7 jo) 
should be either positive or negative, depending upon which of the two factors, 
viz. depolymerisation of the solvent molecules or breaking up of the solvate complexes 
predominates. From the results given in Table I it is observed that for almost all the 
systems studied here, the value of S/8/ (rjilijo) is negative except for the systems of 
butyl alcohol — phthalic acid, butyl alcohol — succinic acid and propyl alcohol — succinic 
acid the value of SlSt^rjsIrjo) is almost zero at lower concentrations. 

As in this paper highly concentrated solutions have been taken, the effect of depoly« 
merisation of the solvent molecule is negligible as compared to the breaking up of the 
solvate complexes, and therefore the valu6 of for these systems are negative. 
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If we examine the systems studied here, we find that for the systems where the solvent 
has got low value for dipole moment i.e. where the association of the solvent molecule is 
less, the negative value of Blht^rjsjrjo) is less than the solvents where the association of the 
solvent molecule is more marked. In rase of the systems of methyl alcohol, the negative 
value for 8/8l(7jj/rjo) is much more than the systems for propyl alcohol which in turn is 
more than the systems of butyl alcohol. The dipole moment of butyl alcohol is greater 
than that of propyl alcohol which again is greater than that of methyl alcohol. 

For the systems of butyl alcohol the value of hlbt{r)slir]f>) is zero in some cases, it 
is just possible that for the systems of higher alcohols the value may be also zero. 

One of us (A. N. B.) is thankful to the U.P. (iovernment lor the grant of a research 
fellowship. 

Chemical Laboratory, 

Lucknow UNivLRSiry, Recened August 3, 11H8. 

Lucknow. 
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SUPERSATURATION LIMITS OF NON-AQUEOUS SOLUTIONS. 

PART I 

By A. C. ChATTERJI AND A. N. BOSE 

Limits of supersaturation in non-aqucous solutions of non-electrolytes have been studied. The value 
of ( 7s- T)^ has been calculated. From the value of ( 7s- the value of the radius of the stable crystal 

nucleus has been calculated. The value of ‘r’ has got the same order in different systems i.e., the order 
is 10-6 cm. 

The effect of heating on the limits of supersaturation of non-aqueous solutions of non-electrolytes has 
been studied. The effect of heating is observed in most of the systems. The product of concentration (c) 

and the fluidity has been calculated. It is found for the systems having value more than 30, heating 

effect is negligible. Certain exceptions to the rule are noticed. I'hese are accounted for by the low 
mutual affinity among the molecules of the solutes. 


In a number of papers published by Ram Gopal from this laboratory (this Journal, 
1943, et ^eq.), it has, been shown that (7 j-T) is fairly constant in aqueous solutions of 
some electrolytes. In other cases (Ts-T) has, however, been found to increase with suc- 
cessive heating and cooling. It h 2 is also been observed that there is a third type of 
aqueous solution which does not crystallise even after sufficient cooling. Further, it 
has been observed that in general (Ts-T) increases with heating in the case of a number 
of aqueous solutions. In this paper an attempt has been made to find out if these 
generalisations are also applicable to solutions of non-electrolytes in non-aqueous solvents. 

We have here classified our data into three different types. Table I shows those 
with very little or no heating effect. Table II shows those with heating effect, i.e, in these 
systems (7s-T) increases with successive heating and cooling. In order to find out the 
value of (Ts-T') the first temperature of spontaneous crystallisation has been taken as 
other values of (Ts-T) arc increased due to heating effect. In Table III there arc, how- 
ever, certain types that do not spontaneously crystallise even on considerable cooling. 


EXPERIMENTAL 

The experimental method followed is the same as that of Ram Gopal {J, Indian 
them. Soc., 1943, 20, 187). Results obtained are given below in Tables I, II and III. 

TABLE I 



Solulc. 

Solvent. 

Temperature 
range studied. 

{Ts-T) 

(average). 

Remarks. 

1. 

Naphthalene 

Carbon tetrachloride 

25*»,30%35%40®,45°,50° 

2.9 No heating c 
after heating 

1 1 hours. 

2. 

m-Dini trobenzene 

Bromobenzene 

50^55^60^65^70^75° 

10.5 


3. 

/>-Dibromobcnzcne 

Propyl alcohol 

50*,55®,60*',65»,70« 

10.2 

99 

4. 

Anthracene 

Benzene 

45%50%55%C0“,65%70® 

7.9 


5. 

Naphthalene 

Aniline 

3O®,35»,4O%45*,50%55* 

9.2 

99 
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table II 



Solute. 

Solvent. 

Temperature ( 7\- 7 ) 

range studied. (average) 

Remarkb, 

1. 

Naphthalene 

Benzene 

30°.35°,40°,45°,50°.55° 

5.6 

Heating effect after 
healing for 3 houri 
but after that T 
docs not change even 
after |heat,ing for 
1 1 hours. * 

2. 

Naphthalene 

Chlorobenzene 

35^40^45^50^55^60“ 

1.3 

.f 

3. 


Nitrobenzene 

30^4()^45‘^50^55 ’,60 ’ 

7.0 

>> 

4. 

11 

Toluene 

35°,40°,45°,50'\55",60'^ 

5.5 

)> 

5. 

»} 

Methyl alcohol 

25°,30",35°,40°,45° 

1 3 


6 


;?-Butyl alcohol 

35°,40^4^)^50^55^6()^ 

13.5 

tf 

7. 

it 

Acetic acid 

30^35^40^45^5()^55^ 

7.4 

>> 

8. 

Acenaphthene 

Chloroform 

35^40‘^45^48^50^52” 

16.6 


9. 

Diphenyl 

Benzene 

35^40^45^5^)^55‘' 

15.6 

I lealing effect 

10. 

Acenaphthene 

n- Propyl alcohol 

40^45°, 50", 55’, 60^' 

18.0 


11. 

Ben/oic acid 

Benzene 

50",55",60",65",7tt'\83‘ 

8.0 


12. 

Salicylic acid 

Benzene 

45^50^55^b() ,b5\70" 

10.0 


13. 

/j-Dihromobenzenc 

Benzene 

40M5",50'’,55’,6() ,65^ 

16.8 


14. 

m Dinitrobenzene 

Benzene 

55\60‘,65‘,7() ,75 ,80^ 

22.2 

- 

15. 

Acenaphthene 

Toluene 

45", 50 ,55 .60' ,65 ,70" 

25.0 

» 

16. 

Benzoic acid 

Toluene 

55°,G0\65",70',75 ,80’ 

19.1 


17. 

)» 

Acetone 

45'. 50 ,55’,57 ,60 

12.5 

>» 

18. 

Acenaphthene 

Methyl alcohol 

30",35",10‘,45 ,50 

10.1 

- 

19. 

/i- Di bromoben zene 

Bromobenzene 

45",50",55 ,60\65",70'^ 

11.5 


20. 

Acetanilide 

(^hlorf)ff>rni 

45 ,50 ,5‘J ,55 

:>3 2 

)> 


table hi 

Methyl alcohol— Acetanilide, Methyl alcohol— Diphenvlaminc, Hexane— Diphcnylamine, 

Acetone — resorcinol . 

From the above results it has been tested whether the cxp;cr>i()xi, which has been 
deduced from the equation of Jones and Partington (Phil. Mag., 1915, 29, 35) , remains 
constant in these systems also, 
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Results for the expression {Ts^T) are given in Table IV. 

table IV 



Sol Lit inn 


A in 

(Ts-T). 

(Ts-T) 


Solvent. 

Solute. 

kilo Joules. 

ro 

(in calories). 

1. 

Benzene 

Naphthalene 

18.5 

5.6° 

24670 

2 . 


Benzoic acid 

14.2 

8.0 

270.50 

3. 

Toluene 

Naphthalene 

17.8 

.5.5 

23450 

4. 

Methyl alcohol 

Benzoic acid 

17.7 

4.3 

18130 

5. 

Acetone 

12.1 

12.5 

36020 

6. 

Acetic acid 

NaphthaU ne 

17.5 

7.4 

30740 

7. 

Aniline 


19.8 

9.2 

43400 

8 . 

Benzene 

Salicylic acid 

23.9 

10 0 

56910 

9. 

a 

Diphenyl 

18.0 

15.6 

66860 

10 . 

Toluene 

Benzoic acid 

lt .2 

19.1 

64600 

11 . 

Chloroform 

Acenaphthene 

18.8 

16.6 

74310 

12 . 

Methyl alcohol 

99 

25.9 

10.1 

62030 

13. 

Chloroform 

Acetanilide 

18.1 

23.2 

101800 

14. 

Toluene 

Acenaphthene 

20.0 

25.0 

119100 

15. 

Propyl alcohol 

w-Dinitrobenzene 

28.5 

18.0 

122100 

16. 

Benzene 

15.9 

22.2 

84360 


The values of A have Ix’en 

taken from the International Critic.al 

Table, 1928, 

Vol. V, pp. 151-1.54), 


From the results given above it appears that the value of (Ts-T*) is not constant 
but varies from 18130 to 122100. 


The relation heiuecn (Ts-T) and aV,n 
In the derivation of the equation 

X{Ts-T) =^2aVrnXT^Ir .. .. (1) 

it was assumed that if Ts remains constant in the case of similar systems then (T^-T) must 
vary directly as aVm» If cr and Vm are known for a particular system, then ( Ts«T )A 

Tv 


can be calculated from equation (1). 'Fhe values so calculated are given Table V. 


TABLE 


System. 

(Ts-T) A 

r X 10-® cm. 

System. (7s- 7 ") A ^ 

X 10-6 cm. 


uVm 


aVm 


Benzene — Naphthalene 5.51 

2.7 

Aniline — Naphthalene 9.69 

1.5 

Toluene 

„ 5.23 

2.9 

Benzene — ;n-Dinitrobenzene 12.5 

1.2 

MeOH 

„ 5.09 

3.7 

Do — Diphenyl 11.3 

1.3 

CH3COOH 

„ 6,86 

2.2 

CHCl 3 - Acetanilide 23.4 

0.63 
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From the results in Table V, it is rather interesting to note thit when the solute is 
the same and the solvent is different, the value (Tj-T) XlaVm appears to be constant. 

From the results given in Table V, the value of r has also b^cn calculated from the 
equation (1), and these values have been calculated for each separate system. (For 
value of r see column 3 of Table V). It is very interesting to note that the order of the 
radius of the stable crystal nucleus is the same as has been determined by other workers. 


Effect of Healing on the Limits of Supermturation 

From the results cited in Tables 1 and 11 it appears that effect of heating is a gener«il 
phenomenon as has been observed by other workers. Only a few systems show a small 
or negligible heating effect. 


Table VI 



Systems. 

7s. 

iSw. 

('A-r). 

r]r. 

c=5’w/A/, 


1 . ecu 

Naphthalene 

10° 

56.4 

3.0 

0.01160 

0.4375 

37.72 

2. CHCla 

Acenaphthene 

15 

39.0 

15.5 

0.01040 

0.2533 

24.36 

3. Aliline 

Naphthalene 

40 

60.0 

9.0 

0.02461 

0.4690 

19.05 

4. CftHgBr 

w- Dinitrobenzene 

10 

G1..1 

9.0 

0.0206)0 

0.2610 

12.66 

5. Benzene 

Naphthalene 

40 

118.0 

6.0 

0.00940 

0.9220 

98.10 

6. CfiHsCl 


40 

90.0 

-1.5 

0.01045 

0.7000 

68.70 

7. loluenc 

ft 

40 

100.0 

5.0 

0.008459 

0.7810 

92.32 

0. Hexane 

if 

40 

41.1 

7.5 

0.004255 

0.3210 

75.47 

9. n-Butyl 
alcohol 

ft 

10 

23.0 

1 t.5 

0.01880 

0.1797 

9.56 

10. Acetic acid 

ft 

40 

28.0 

8.5 

0.01140 

0.2188 

19.20 

11. Toluene 

Acenaphthene 

to 

47.0 

22.0 

0.00953 

0.3052 

30.00 

12. CHgOH 

if 

40 

6.0 

9.0 

0.00506 

0.0039 

7.70 

13. Benzene 

/>-Dibromobenzenc 

to 

163.0 

18.0 

0.01130 

0.6910 

61.00 

n 

25.40 

14. 

Benzoic acid 

40 

22.00 

8.0 

0.00710 

0.1803 

15. CftHsNOa 

Naphthalene 

40 

75.0 

7.8 

0.01670 

0.5860 

35.10 

16. CHgOH 

>» 

35 

11.6 

4.0 

0.005901 

0.09060 

15.36 


Viscosity TJ T corresponding to the temperature of first spontaneous crystallisation i.e., 7* has been 
given. 
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According to Hinshelwood and Hartley [Phil, 1922, 43 , 78) the heating effect 
is due to decrease in the catalytic activity of the colloidal dust particles. The concen'- 
tration of the dust particles present in the beginning will be gruadually lowered during 
the process of heating and shaking. As the concentration of the solute remains constant 
in a particular experiment, the decrease in the numlx:r of dust particles will diminish the 
number ol successful molecular collisions, and thus the value of ( 7s- T) will go on increasing 
with successive heating and crystallisation or redissolution. 

In a previous paper it has been shown that the value of ‘r’ where c is the concen- 
tration expressed in g. mols. of solute jxir 100 g. of solvent and ‘ ’ is the fluidity, to a 

large extent measures whether there will be any heating effect or not, as fluidity like 
concentration controls the molecular collisions. It may be expected that the value of 

will control the capacity of forming active centres in a system which leads to crystal- 
lisation. 

The results of values are given in Tabic VI. The values of arc taken from 
the results obtained in this laboratory (this Journal^ 1948, 25, 39, 33) where it was not 
possible to determine viscosity, it has been inteipolated from the results. The same 
temperature of saturation Ts has been considered in almost all the cases. 

The results show that in casts where heating effect is very small or negligible the 
value of U<f>^ is high. Generally in solutions in which value is below 30, there is 
heating efl'ect, but there arc lew exceptions. These exceptions remain to be explained. 
We have been regarding the molecules and ions as simple particles ol matter, identical 
in all cases without any specific or individual characteristic ol’ their own. This simple 
view, though highly helplul in explaining the qualitative properties of solutions, is not 
applicable to crystal formation from a supersaturated solution. It has been emphasised 
in previous papers that the attraction between the lattice forming units is necessary for 
the nucleus formation. If this attraction between the lattice forming units is low, it is 
possible that no crystalline centres may be formed even though values indicate a 
large piobability of molecular impacts. The low mutual allinity among the molecules 
of organic substances is shown by their easy subliming nature at low temperatures and 
there low melting points. 

One of us (A. N. Bose) is thankful to the authorities of the Lucknow University for a 
research grant awarded to him. 


Chemical LABoRAroRy, 
University of Lucknow, 
Lucknow. 
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STUDIES ON THE COMPOSITION OF FERRIC ARSENITE AND 
FERROUS ARSENATE. PART II. COMPOSITION OF THK 
SO-CALLED FERRIC ARSENITE (PRODUCT OF 
MIXING FeCla AND NaAsO.,) 

By AbaNI K. BHATTAGHARYA 


When aqueous solutions of feme chloride and sodium ansenite are mixed toi^ethcr at hijjh concentra- 
tions, a mixture of arsenite and arsenate of iron with sonic free ferric oxide and adsorbed arsenite is 
obtained. At low concentration of the reactants, arsenate is completely eliminated, altliout^li feiT(#us iron 
remains in the compound m appreciable amounts. When aqueous Icrric chloride is mixed with neu- 
tralised sodium arsenite, the resulting compound retains arsenate in high and low concentrations of the 
reactants. When aqueous ferric chloride and neutralised sodium arsenite an" mixed and the mixture 
aged for a month, the total quantities of arsenic and iron reach almost a constant limit at all dilutions. 
When ferric chloride is added more than its equivalent amount to sodium aisenite, a colloidal solution is 
obtained. When this solution is dialysed for a few weeks, the sample ol the prodiK l gets completely freed 
from arsenate and tends to reach a constant composition corresponding to Fe (AsO.^js, 2-3 Fe-jOa- 

In the light of the observations made in Part I ol the series of papers (this 
Journal^ 1948, 25, 47) quantitative analyses were carried out chibor‘^tely in order to throw 
some light on the composition of iron arsenite and arsenate. In this paper the com- 
position of the product of ferric chloride and sodium arsenite only h«is been discussed. 

experimental 

The analyses of the products obtained by mixing the reaclams under several con- 
ditions of concentration, dilution and neutrality were mainly direclcd to the estimations 
of Fe*“ Fe”, AsOg' and (ASO 4 )" in the compound. The samples were prepared by mixing 
standard solutions of ferric chloride and sodium arsenite. The precipitates became 
colloidal on washing, and therefore it was not p()ssiblc to (‘risurc co/nplcte removal ol the 
associated products, by washing over a Bucher funnel. First of all lotai qu<inrilies of iron 
and arsenic were estimated, then Fe***, Fe**, (AsO^j) and (As 04 )'" were estimated by the 
methods detailed blow. 

Estimation of total Fe and /l.i.— -A weighed quantity olThc sample [0.3 to 0.4 g.j was taken 
in a beaker and dissolved in a few c. c. of cone, hydro'hloric acid (Merck’s). 'J"he solution 
was reduced completely by sulphur dioxide so that all arsenate may he reduced to arsenite 
and ferric to j’errous. Excess of sulphur dioxide was boiled olT and then hydrogen sulphide 
was passed into the solution to precipitate arsenic as AS 2 S 3 . Excess of hydrogen sulphide 
was removed by bubbling CCig. "The precipitated suli)hidc was filtered in a Gooch 
crucible, and washed with hot water till free from iron and chloride. AS. 2 S 3 was dried at 
105° and weighed as usual. 

The filtrate was then collected from the filter flask, concentrated by evaporation 
and estimated as FejOg after oxidising it with strong HNO.,. From this total- iron wa« 
calculated. 

Estimation of Fe -' and Fe " in the samples of Ferric Arsenite, -This was done by matching 
the intensity of colour by means ol’ a Nephelometer. 'Fills instrument was corrected 
for its zero error. A very dilute solution of ferric chloride, to which a drop of KGNS 
solution was added, was taken as standard to compare its intensity of colour with that of 
the ferric arsenite solution of comparable strength in hydrochloric acid. The result was 
obtained by applying the relation where and and the amounts of 

ferric chloride in the standard FeCl3(.l//2490) and in the sample solution, and and hg 
are the he^ht of the standard FeClg and ferric arsenite solution, each coloured with a 
drop of KCTTS solution. Thus the amount of the ferric iron in the arsenite was ob- 
tained, Mu hi and hj being known. Subtracting the amount of ferric, determined colori- 
metrically from the total iron already estimated, the quantity of Fe (ous) iron present in 
the compound was known. 
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Estimation of in the Samples --QnsLntiiy of arsenate was determined by sub- 

tracting the estimated quantity of arsenic as AsOg' from total arsenic already determined. 
It was confirmed by control experiments that potassium permanganate reacted quantita- 
tively with an acidiiied solution of sodium aisenite at about boiling temperature and the 
result so obtained was identical with that determined by iodometry. Therefore, a 
weighed quantity of ferric arsenilc was dissolved in excess of dilute H2SO4 and titrated 
in sufTicicntly hot solution against a standard solution of potassium permanganate. 
The litre values of potassium permanganate corresponded to the quantities of AsOg'jFe"* 
and chloride which were present in the sample. The quantities of Fe " and Cfbenig 
known, AsOg could be calculated. 

Eslimalion oj Chloride associated with Ferric Arseuile, ‘A weighed quantity of the sample 
was dissolved in dilute nitric acid and an excess of standar d solution of AgNOg was added 
and the precipitate of AgCl was left overnight. The residual AgNOg was titrated against 
standard KCNS solution, the ferric salt already present acting as an indicator. 

Percentage composition of each sample of the product was thus determined and 
the simplest molecular formula of each was calculated from the quantities of ferric, ferrous, 
AsO./ and ASO4"' to the nearest whole number. 


1. Af/1.3-FcCl-34- 
Ai/1.24-NaAs02 
(aq. solns.) 

2. A//5-FrCl.i f 

M/r)-NaAs02 

(aq. solns.) 

3. Af/10-FcCl3-f 
Af/10-NaAsO2 
(aq. solns.) 

4. A4/25-Fc*Cl3+ 
M/25-NaAs02 
(aq. solns.) 

5. Af/50-FcCl3+ 
M/^O-NaAsOa 
(aq. solns.) 


1 . M/l-3Aq. FeCl 3 + 
Af/1.2-neutraliscd 

NaAs02 

2. Af/5-Aq. FeCl 3 + 

Af/5-neutraliscd 

N^s02 

3. Af/10-Aq. FCCI 3 + 
Af/lO-neutralised 

NaAs02 


Table I 

Total Fe. Fe'** Fe* ‘ Total As. ASO 2 " (ASO 4 )'". NaCl. 

24.39% 19.24% 5.15% 43.78% 56.26% 0.01% 1.22 

Empirical lorrnula : Fc"i i (A.s 02 /) 8 l^s^ 4 ) 

26.07 21.96 4.71 13.02 60.78 0.87 0.46 

lunpiiical lonnnla : Fe'*' 5.5 Fc (.\h 02 ) 8 (As 04 )Q.| 

27.30 24.01 3.29 41.89 59.95 Nil 0.40 

Empirical formula : Fc*" 7.3 Fe" ' (As02)9*6 

28.37 25.‘12 2.95 37.32 53.73 Nil 0.31 

Empirical formula ; Fe"*^.® Fe (AsO )y .5 

29.56 27.55 2.01 35.93 51.68 Nil 0.48 

Empirical formula : Fe'"i 3.7 Fc" (As 02 )i 3*6 

TABLE II 


Total Fe. Fc"* Fe" 

Total As. 

ASO 2 ' 

(ASO 4 )"' 

NaQ. 

19.37% 11.51% 7.86% 

T2.35% 

50.40% 

13.01% 

15.91% 


Empirical formula : Fe"'j .2 Fe. "i. 3 (As 02)44 (ASO 4 ) 

23.26 21.40 1.86 40.66 56.94 3.08 7.79 

Empirical formula : Fc.nijg.g Fciq. 3 (As 02 ) 2 i* 3 (As 04 ) 

25.05 22.46 2.59 37.27 49.87 4.28 8.59 

Empirical formula : Fciiiii.5Fc"i.3{As02) i 3 ' 4 vAs 04 ) 
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Table hi 

(Sample prepared by ageing) 

Total Fe. Fe •• Fe - Total Fe. MOt A 3 O 4 NaCl, 


1. M/1.3- Aq. FeCla-l- 

M/ 1.3 neutralised 21.13% lC.74"/( 4.39% 38..'>.'i% 49.41% 

NaAs02 

Knipirical formula : Fo"'5-Fr«ii.3-(As02)7.K(AsOi) 

2 . Af/r)-Aq. F1CI3+ 

Af/5-neulralisf(l 2()/)9 15.24 5 74 40 55 50 51 

NaAsOz 

Fnipiriial fonimhi : Ff'‘'r,-Ff",./;f As0‘2)7.3(As04^ 

3. M/10-Aq. FeCl:.+ ^ ' ’ 

Af/lO-neulralisrd 21.99 I7.4f 1.55 38.96 49.79 

NaAs02 

I'mpiriral tormula : Ff*".'iFr"i.3(As()2)7.G( As 04 j 


7.26% r2.187< 


9.05 10..54 

7.52 7.31 


discussions 

Thr rrsults of the analyses of the samples obtained by FeCla and NaA-sOg 

give the following inten'sting observalions 

(a) When aqueous solutions of ferric chloride and sodbim arsenife aie mixed to- 
gether, arsenite and arsenate are formed only in higher concentrations of the reactants 
(Table I.) 

(h) When aqueous .solution of ferric chloride is mixed with neutralised solution of 
sodium arsenite, the resulting comj)ound contains both arsenite and arsenate, .at high and 
low concentrations of the reactants ('Fable ID. 

(r) When aqueous solution of ferric chloride is mix('d with neutralised solution 
of sodium arsenite, and (he mixtuie is allowed to age foi a month, tin total quantity of 
iron and arsenite in the samples tends tf) approach a limit. (Fc,21.o'\>, AsO.,, 50.0'’,,, vide 
Table Tll.b 

(d) When ferric chloride is added in excess to sodium arsenite, a colloidal solution 
is formed, which leaves only ferric anenitc on dialysis in the samples, and no excess or 
free arsenite or arsenate is obtained in the di.xly.sed samples. 

(e) Percentage of total iron increases with dilution of the reactants when they arc 
mixed in equivalent proportion (Tabic I and II). But when the mixed reactants are 
subjected to ageing, this is not the case. In Tables I and II, it will be further observed 
that the percentage of total arsenic decreases as the concenlralion of the reactants is in- 
creased, but it does not vary so regularly in the process of ageing or dialysis (Tables III 
and IV). 

Combining all these obseivatlons, it can be taken as an established fart that the 
combination of ferric chloride and sodium ansenite is initiated by mutual oxidation and 
and reduction of the reactants. The ultimate composition of the product depends much 
on the neutral, acid or alkaline character of the medium. In acidified .solutions of fer- 
ric chloride, colloidal precipitate is formed which, by dialysis, is reduced to the com- 
position Fe (AsOa) 3 , ^ FegOj. 
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The analytical results suggest that the composition of the precipitated compound 
is very much influenced by its hydrolyic and adsorptive properties. Hydrolysis of the 
compound is supported by the observation that the proportion of iron increases with 
dilution of the reactants (Tables I and II). The ferric hydroxide formed by hydrolysis 
remains with the compound, while free arsenious acid is partly washed off into the filtrate 
in spite of its low solubility. Arsenic acid formed by mutual oxidation and reduction 
of the reactants or by the hydrolysis of ferric arsenate, is easily washed out, and hence 
the samples are free f)*om arsenate at higher dilutions. It is well known that ferric 
hydroxide adsorbs arsenious acid. Bunsen and Berthold (“Das Eisenhydroxyd”, 1834) 
observed that ferric hydroxide had a great power of adsorbing arsenious acid, and 
considered that basic ferric arsenate was formed. Bitty {Ber,^ 1904, 37, 3181) observed 
that adsorption of arsenious acid by ferric hydroxide follows the well known equation 
A/m/AY>. Hence, there is a great probability of me arsenite remaining adsorbed in 
the samples of ferric arsenite, the extent of which is difficult to ascertain from the empirical 
formulae obtained from quantitative analysis, or percentage composition. 

Sen (J. Phy^ Chem.^ 1927, 31, 419) showed that ageing had an appreciable effect on 
the adsorptive power of ferri(’ hydroxide, and the amount of adsorbed arsenious acid 
is considerably decreased on ageing . The percentage of arsenious acid in the samples 
prepared by ageing method is almost constant (Tables HI). This may be attributed to 
the ageing effect on the adsorption of free arsenious a^'ld which may decrease to a cons- 
tant value for samples prepared under the same conditions and may yield a compound 
having practically the same composition. The empirical formulae of the samples (Table 
TIT) suggest this. 

The maximum role of hydrolysis and complete elimination of free arsenious acid and 
arsenic acid aie oljs^‘ned when colloidal solutions of the j^roduct are prepared by mixing 
excess of ferric chloride with aqueous or neutral solution of sodium arsenite, and the 
mixture is dlalvsed for several weeks. The composition of the samples leads to a basic 
compound Fe(AsC),d., 2-3Fe,0, (Table IV). 

Although the quantitative estimations of the samples prepared by mixing ferric 
chloride with acpieous and neutral solutions of sodium arsenite have given a clear evidence 
of the forrnition and presence of Fen and AsO/" • during the precipitation of the com- 
pound, \et it was not possible to detr»'rnine the exact proportions of ferric arsenite, ferrous 
arsenate, ferrous arsenite, and ferric arsenate which might have been simultaneously 
formed. We can, at best, derive an empirical formula. It may further be observed that 
hydrolysis and adsorption effects which considerably influence the composition of the 
precipitate, are responsible foi the variations in the empirical formulae determined from 
the anal>lical results. 

Thanks of the author are due to Dr. N. R. Dhar, and Dr. S. Ghosh of 
Allahabad University, and to Dr. S. S. Deshapande of Agra College, for their keen 
interest in the investigations. 


Chemical Laboratories, 
Aora .College, Agra. 


Received May 29, 1948. 
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COMPOSITION OF FERRIC ARSENITE AND FERROUS ARSENATE 
PART III. ANALYSIS OF THE SO-CALLED FERROUS ARSENATE 
PRODUCT OF MIXING FeS04 AND Na2HAs04 


By ABANI K. BHATTACHARYA 


Qualitalivr rxprrimrnts have shown that mutual oxidation and reduction lake piare between ferrous 
sulphate and Na 2 HA 5.04 only in atid solution. The percentage of aisenite was, howe\ei, estimated quan- 
titatively by the method adopted in the analysis ol the precipitates obtained by mixing Feti'jwitli XaAsOi- 
(Part II of the series). From the results of tin' analysis, the (omposiiion of tlie precipitates oblainedby 
mixing FCSO 4 and NagHAsO^ was found to he ni(jre \ari:ibh* with conditions. 'I’he c oni])oMtioii ol the 
product shows greater siuiilariiy wlien the mixed nxictants are allowed to .tge for sev.ual weeks. 


"Jo Study the composition of the prtcipiludt s, quctlltcil^e study of the fiUrcitc from 
samples obl«ained by mixing the repcRtnts in arjiieou'^, neutiMl ;ui(l u/'idilicd solutions 
was made as was done in the case of mixing I'eCi^ with NaAsOo ( tliis JournaL 194(1, 25. 47 /. 
It was observed that on mixing aqueous .solution of lerrous sulphate and No^HAsOj, 
a greenish white precipitate was immediately obtained which darkened in colour when left 
overnight. 'Flic precipitate sets to a jelly-like mass. 7’h(‘ filtrate is clear and colourless 
at first but gradually shows a white turbidity ; if (‘ontahis enough ferrous sulphate and 
is distinctly acidic, showing that the rciiclion is not quantitative according to the simplest 
equation 

3FeS04 I ‘iNa^HAsOt = Fc3(As()4)2 i-2xNa,S04+H2SC)4. 

The compound is oxidi.sed on heating and it changes from green to dark brown 
due to oxidation. 


Experimental 

Merck’s samples of Na2HAs()4, 7H.3O was used and the solution was standardised 
iodometrieally against sodium thiosulphate of known strength. Merck’s sample of ferrous 
sulphate was recrystallised in alcohol and the dried sample was kept in a desiccator. Its 
solution was standardised against potassium permanganate as usual. 

The reactants were then mixed in equivalent proportions and the precipitate was 
filtered in a Buchner funnel by filter pump, and washed free from sulphate. Tlic preci- 
pitate was dried by placing the Buchuer funnel over a chimney and in an a.ir-oven at 100'^. 
The dry precipitate was finely powdered in an agate mortar and then stibjcctcd to 
further drying in an air-oven at 100° before transferring to sample tubes. 

The samples thus obtained were analysed for Fc** Fo* •, AsOj' and AsO/" by the 
same process of analysis as was followed in the case of the precipitate obtained by mixing 
FcCIa and NaAsOj (vide Part II of the series). 
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TABLE I 


Tola Fc •*•. Ft* •*. Total 

iron. As, 

AsOa ' • 

ASO4'' 

Colour, 

1. Aq. FeS 04 (A// 3 . 24 ) 

-| neutral Na 2 HAs 04 30.15% 12.96% 17.19% 32.7% 13.79% 

(A//3.23) 

Empirical formula ; Fcli^.gFcn. 2 . 3 (As 02 )i(AsQ 4)3 

52.9r ^ 

Greenish 

yellow. 

2. Acidified FeS 04 

(A//3.24)+ neutral 30.86 30.83 Nil 32.8 

Na2H.As04(A//3.23) 

2.45 

57.59 

Dull brown 

Empirical formula : Fcni 24 ( As 02 )i(As 04 ) 23 . 




3. Acidified FcSOi 

(.Vf G. 86 ) 1 - ne utral 32.8 32.8 \il 30 16 

Na 2 HAs 04 (Ar ^.23) 

1.11 

54. 15 

Dull brown 

Innpirical je)rrnul.i : l‘>'f'. 5 .i. 2 (As 02 i ,(.^^ 04 ) 37.7 




Acidified EeSO^ 

fAf'5) i neutial 28.11 28.11 Nil 31.27 

Na 2 HA^(> 4 (A/ 5) 

I.G5 

61.18 

Dull blown 

Empirical formula : Felli^g.gi j(As()|) 2 ^.o 




5. Acidified FeSOj 

(A//10) 1 nemr.il 29.GG 29.66 Nil 31.87 

Na2HAsOi(A; 10) 

Empirical foimula : Ei ' ^•;p.«,AsO;>) p As() 4),.<?.7 

1.79 

62 27 

Du'l brown 


Table ii* 


(Precipitated product obtained 

by ageing) 



I'otal Ee ••• Fe • • 1 olal 

iron. As. 

1 Acidified FeSO | 

ASO2' 

ASO4"' 

Colour, 

( A// 3.24) 1- neutral 31.05% 24.81% 6.21% 35.5% 

Na2HAs04 (M/3.23) 

Empirical formula : FcUl4FcH(As04)4.34. 

2 Acidified FeSO 4 

Nil 

65.79% 

Dull 

brown 

{Af/r))+ neutral 32.7 26.11 6.58 26.8 

Na2HAs04(A//5) 

Empirical formula : FeU^ FeU (As04)3. 

3 Acidified FerS04 

Nil 

49.66 

Dull 

brown 

(Af/10)-l-ncutal 30.93 28.78 2.15 30.87 

Na2HAsO4(Af/10) 

Empirical Formula : Fei^b3.4Fc**(AsO4)i0-? 

Nil 

57.22 

Dull 

brown 
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DISCUSSION 

The main points to be observed in the tables are : — 

(a) The variations in the total iron content in the samples, prepared under different 
conditions of acidity and dilution of the reactants, do not exceed 4.40% ; variation of 
total arsenic is 4.6% only. 

(b) The proportions of arsenate and arsenite, and ferric and ferrous change at random. 

(f) The composition becomes more similar by the ageing method. 

The analytical results can be interpreted on the basis of mutual oxidation and re- 
duction of the reactants. Arsenic acid is stronger thin arsenious acid. Hence the 
arsenate product should sufler less hydrolysis than iron arsenite, and this is supported 
by simultaneous increase in the proportion of Fc and AsO/". H 3 ASO 4 is much more 
soluble than H 3 AVSO 3 or HAsOa, and hence the proportionate increase of (AsOj)'" with 
increase of Fe suggests that H 3 ASO 4 is not in the fre(‘ state but in the form ol' ferric or 
ferrous arsenate. 


When the iron arsenate is prepared by ageing the mixture of reariants, their mutual 
oxidation and reduction, and adsorption attain a maximum, and hence the composition 
becomes more similar. The arsenite formed by miiiual oxid.Uion and reduction is slowly 
oxidised to arsenate on ageing, and therefore the resulting compound contains ferrous, 
lerrie and arsenate components <*nl). 


In view of tlic above observations, it can be concluded that there is a similarity 
between the mechanism of reaction between a ferric salt and sodium arsenite, and that 
ol a lerrous salt and sodium arsenate. It is not possible, however, to work out their exact 
molecular formulae 1 )) purely analytical methods on account of their hydrolytic and 
adsorptive properties. 

The autlnir owes his thanks to Dr. N. R. Dhai and Dr. S. Ghosh of Allahabad 
IJnix ersity and to Dr. S. S. Deshapande of Agra College, for their interest in the progress 
of this piece of invosligation. 


PhysicAI, CllLMlsriiY l.AHORATORII- S, 
Aura Coli kce, A(;ra, U.P. 


Received May 29, 1948. 
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OBITUARY 
Mrs. Sheila Dhar 

Born : February, 15, 1904. Died: January 11, 1949. 

We are sorry to record the death of Mrs. Sheila Dhar who was a Life-member of the 
Indian Chemical Society. She was an active member of this Society and a Member of 
the Council. She did considerable amount of original work in Chemistry. She was born 
on 15lh February, 1905. Her father was late Dr. Paresh Ranjan Roy, a renowned Brahmo 
leader and the Chief Medical Officer of the Calcutta Corporation. Mrs. Sheila 
Dhar had* her school education in the Diocessan School of Calcutta, and later 
joined the Central Muir College in 1921 as a first year I. Sc. student. Her laboratory 
work from the very beginning was highly methodical and accurate. She passed 
the I. Sc. examination with merit and obtained a scholarship. In the B. Sc. 
she developed marked capacity for practical work, and obtained a good position 
securing very high marks in the practical examination. In the M.Sc. examination in 
1928 she specialised in Physical Chemistry and obtained a first class first position and 
presented a thesis on ‘‘Influence of Light on Colloids” which has been referred to in 
many books on colloids and photochemistry. She was awarded a scholarship for re- 
search work and carried on important inv(\stig<Uions on different aspects of colloids and 
photochemistry. These have found important mention in text hooks. She opened a 
discussion on light absorption and chemical change in the Science Congress in 1913. 
After her marriage with Dr. N. R. Dhar in 1930, she took great interest in women’s welfare 
work and became a member of various organ’z itions. She accompanied her huslxutd 
to Europe in 1931 and 1937. 

She was gifted with a sweet nature. In spite of her high education, she was most 
humble and affectionate. She was loved by all who came in contact with her. As 
she was a staunch followei of Achar^a P. C. Ray, she led a noble life of high thinking 
and simple living. She helped the poor and nursed the sick in a very quiet manner, 
and never gave publicity to anything that she did. 

An end to such a devoted and valuable life i^ not only a great loss to all her relations 
and friends but to the women of India and to the Scientific India also, for a woman Scientist 
of very high reputation is quite rare in this country of ours. May her soul rest in peace. 

K. P. C. 
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DEPKNDRNCK OF THK OPTICAL ROTATION OF QUININK SALTvS 
ON THK CHAROK ( )F THE QUININE IONS 


By SuniiAMOY Mukhrrjer 

• 

vStudies li«ave been made on the variations of the molecuiar rotations of (jnininc salts with temperature, 
eoncentration and additions of various olectrohtes. The rotation increases w ith dilution and decreases 
\sith temperature. The addition of acids to quinine hydrochlori4le increasef its rotation and a niaxiinuni 
value is reaclu*d foi tht* addition of 1.47 iiiols. of h^'drochlorii acid to each mol. of the quinine salt. 
Chlorine ions have an inhibit. ng effeeJ on the rotation of quinine salts and so also have certain other 
electrolytes which may be placed in the order : TTCl, NaCl, M^Cl2>AlCli>NaN03> fO )0n)j{>Na2S04 
TT3T*0|>Na acetate ( 1 IT^St b) >Tl2S04 >citric acid. 

The observations can jjenerally be explained by a.ssumin.cr that the variations are due to variations 
of the clnrijc on the ([uinine ions \ <|uantitative mterprelation of the increase of mtaiory power of 
(luinine h\ droclih'ri*^' 011 the ad<lition of In d»'ocblc)ric acid has been offered on Ihis basis. 

The characteristic optical rotatory powers of cinchoua alkaloids provide a potentially 
valuable means for their assay and test of purity, hut the sensitiveness of the rotations 
to various influences often adversely affects the precision of the methods. vSince the 
classical work of ()udcmans(/. Pharm, chnn.^ iS<S4, e, 9 , 338), wlio described a method 
for the polarimetric estimation of cinchonidiiie in quinine tartrate, a number of inves- 
tigators liave attempted to develop methods of assay oi (juininc based on optical lota- 
liou. But except for P. Helvetica V and French Codex, 1937, wliich have adopted 
optical rotation for limit tests of other alkaloids in quinine, the polarimetric method 
has not yet come into general usage as a reco.i;nised method of assay of quinine al- 
kaloids. 

The influence of acids on the rotations of quinine has received considerable atten- 
tion. Hesse (Anna^en, 1873, 166 , 217) first obseived that the optical rotation of a 
quinine salt increased with the addition of acid and a maximum was reached when the 
amount of acid added sufficed to convert the basic sail into the 1101 inal salt. lyiquier 
(Compt. rend., 1926, 183 , 195 ; Ann, Physique, 1027, .v, 8, 121) found that the curves 
connecting [«] with pn showed two flat portions corresponding with basic and normal 
sulphates. Andrews and Webb {Ind. ICng. Chem., Anai. hd.^ 1941, 13 , 232) on the 
other hand failed to confirm the presence of such plateux in the curve of optical 
activity corresponding to the two salts. Lapp (Compt. rend., 1933, 196 , 970 ; Anal, 
Chim, AppL, 1933, 289) claimed to have observed two inflexions in the [«] — pu 

curves of quinine, one at pn 4.6 to 6.5 and the other at less than 2.0, corresponding with 
the basic and neutral salts and suggested a method of the polarimetric estimation of 
quinine at pa 5.5. The concentrations of acid in the quinine solution for assay by the 
optical method, as recommended by different authorities, however, show wide varia- 
tions and so also the concentrations of quinine and the ratios of acid to quinine present 
in the solution. This will be apparent from Table I. 
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Table I 


Authority. 

Quinine salt 

Acid 

Cone, of 

Cone. ol 

Rotation 

Temp. 

used. 

added. 

quinine. 

acid 

added. 

[«]d. 

IMln 

I. Oudemans {loc. ctt.) 

Tartrate 

(dihydrate) 

HCl 

0.074 35 A/ 

0.300N 

--■31 5" 

-882.0* 

17 * 

2 Koppeschaar {Pharm. 
7., 1885, Hi, 18 , 809) 

Tartrate 

(anhydrous) 

TTCl 

03 2S 

0.130 

— 220.0® 

1 

00 

bo 

15’ 

3 French Pharmaco- 
poeia, 1908 

Sulphate 

(anhydrous) 

TTaSOi 

o.n2^>S 

0.0816 

- 21 ^ 5 ® 

-90S 3" 

t.s* 

4. Allen’s Commercial 
Organic Analysis, 

Vol. Vir, 5th Hd., 
p. 470 

Tartrate, 
sulphate 
or hydro- 
chloride 

HCl 

0.0613 

0.325 

-273.9* 
(Q base) 

-884.2'’ 

17* 

3. French Codex, 1037 
(Extra Pharmacopoeia, 

Sulphate 

(anhydrous) 

ITjSOi 

0.0670 

0 0135 

-340" 

c 

o^ 

oc 

1 

? 

Martindale, Vol 11 , 

22nd Ed., 1943, p. 143) 

6. Thorpe’s Dictionary of 
Applied Chemistry, 

Tartrate 

(monohydrate) 

HCl 

0 0613 

0 250 

-272.0° 
(Q. base) 

-884.2* 

17° 

Vol III, 4th Ed.. 

P- 133 

7. Henry, Plant Alkalo- 
ids, 3rd Rd., 1939. 

Sulphate 
(aiiln (Irons) 

H2SO, 

0,035 

0.100 

-247 1 

-031 7 * 


P. 399 

8. Andrews Si Wehb 
{loc. cit ) 

vSuIphate 

(anhydrous) 

Nil 

0.0077 

Nil 

-176 
{O base) 

-S 7 '’ y 

?s* 

i) Do 

Ilihydro- 
('lil(^i ide 

Nil 

0.0077 

Nil 

— '>70^' 

-8718* 

?5 


CJbviously, if the optical rotation is to he used as a method of assay, standard con- 
ditions for the procedure should be established on a rational basis. This would require 
a study of the various factors on which the rotation depends. Einde (Helv. Chinu 
^Acta, 1932, 16, 557) concluded from his observations that the asymmetric C., -atom in 
the quinine molecule is responsible for a numeiically lai>>er amount of rotation than 
the other three asymmetric carbon atoms put together and that the increase of rotation 
from the monohydrochloride to the bihydrochloi ide should be attributed to this Cy- 
atom. Again, according to Dietzel and Sbllner (Arch- Pharm., 1930, 268, 629) the 
increase of rotation of quinine hydrochloride on the addition of acid is due to the ioni- 
sation of the quinoline-nitrogen atom. Since the rotation of a dyssymmetric molecule 
is altered by variations in the dipole forces in the molecule (cf. Kauzmann, Walter 
and liyring, Chem. Rev,, 194O1 26, 339), the introduction of a free charge, as by ioni- 
sation, should have a marked effect on the rotation. Further, the latter would be in- 
fluenced by all factors which might cause a variation of this charge. Hydrogen ions 
would be expected to have a predominant effect on the ionisation of quinine, but the 
interaction of quinine ions with other ions, by virtue of either chemical or electrical 
forces, should also modify the effective charge. The ionisation should depend on the 
concentration and temperature of the solution as well. That such influences do alter 
the rotation of quinine salts is borne out by jthe present investigation, details of which 
are embodied in this paper. 
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Experimental 

Standaid Quinine Soiul ion, —Quinine sulphate and hydrochloride of B.P. quality, 
as available in the market, were rccrystalliscd twice from water and dried at loo®. 
P'or preparing quinine tartrate, the purified hydrochloride was dissolved in water, and a 
solution of pure sodium potassium tartrate was added to the boiling solution, which 
was cooled with continuous stirring. The precipitate of quinine tartrate was recrys- 
tallised from water, and finally dried at loo'’, t.c., to tlie monohydrate stage. These 
salts were used for preparing the standard solutions. 

Polartmelric Measurements. — A polarirneter by Pranz, Smidt and Haenz, reading 
to o.oi”, in conjunction with an electric sodium lamp was used for the measurements. 
All readings were taken in a 2 dcm. tube. At least 3 readings were taken for each 
measurement and the mean was taken for calculation of the rotatoiy power. 

The rotatory powers have been expressed in the various tables in terms ot both the 
si)ecific rotation and the molecular rotation, the relationship being 

[M]= 

100 

For quinine sulphate, which contains two molecules of quinine base, half of the molecular 
weight was taken for calculation in order to get all the results in terms of the quinine 
molecule. 

i'arialions of the Otdicul Rotaloiy Poioci of Quinine Salts ivith addilions of 

Different Elcclroiytcs 

Quinine Turlrale. — The salt was dissolved in water with the addition of the mini- 
mum quantity of hydrochloric acid to yield a stock solution which was 0 31 ^/Ai with 

Table II 

Olylical rotation of quinine luitnitc with additions of electrolytes. 


Cone, of (jui- 
iiinc. 

Elect roly it* 
adiled. 

Cone, of elec- 
liolytc in 
bolutiou. 

1 1 

[a Il>. 


Change of rotation 
due to addition of 
electrolyte (%). 

U.03127M 

Nolle 

Nil 

— 200.2* 

-799.0* 

... 

0.02502 

IICl 

I. SON 

-182.7" 

-729.0* 

-8.70 (decrease) 

ft 

NaCl 

1.71 

) - 179 - 7 * 
(-178.2* 

-717 0“ 
-711.0* 

— 10. 2b 

-II. 01 


NaNU3 

i.i8 

-190.S* 

-760.0* 

-4.87 

•• 

( Na2S04 
iHjSO. 

0.70 

O.IO 

-195-r 

- 77 y. 6 * 

-i -43 


( NaiHPO, 
(HCl 

2 . II 

0.51 

-196.9* 

-785.6'' 

-I 68 

II 

HsP 04 

4*01 

- 197.8* 

-7892* 

-1.22 

II 

CH,COOH 

(glacial) 

1*75 

-210.9* 

- 84 ‘. 5 ’ 

-f 5.32 (increase) 
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respect to quinine and contained 0.048N- hydrochloric acid. Ihc electrolyte was added 
to 16 c.c. of the solution and the volume in each case was made up to 20 c.c. with water, 
so that the final concentration of quinine in each case was o 02502^/. The results are 
shown in Table II. 

Quinine Sulphate.— QnmiUi^ sulphate was dissolved in water with the addition of 
minimum quantity of sulphuric acid. To this stock solution were added electrolytes 
and water to make up the volume in such pioportions that the final solution was in 
each case U.026SM with respect to quinine and, in most cases, 2.0N wuth respect to the 
added electrolyte. Besides, the final solution contained 0.0505^/- sulphuric acid corres- 
ponding to the amount added foi making the stock solution. The results are given in 
Table HI. 


Table III 

Optical wlalion of quinine sulphate with added clccirolyics. 
Qumine = o.o268M. HjS04 (originally present) = 0.0505^. 


No. likLtiohtc 
added. 

Cone of added 
t tiuh tc 

1, None 


H.jS04(iV/iu) added 
for dilution 

0.0984N 

2| H2SO4 

2.0 

3. Na2vbUi 

HavSOi added fui 
keeping in suln. 

2.0 f 

0.2025 5 

4. Na2S(J4 

HCl added for 
keeping in solu. 

..0 ) 

0 0521 5 

5 . HCl 

2.0 

0, NaCl 

2.0 

7. NaNOj 

2.0 

8. CIIjCOCiNa 

H2^t.)4 added foi 
keeping in soln. 

2.0 ^ 

1.53 ) 

y. Acetic acid 

2.0 

10. Oxalic acid 

2.0 

11. Citric acid 

2.0 

12. II3P04 

6.0 

13* ^tgCl2 

2.0 

14. AlCla 

2.0 



LA/i,;-. 

Cliaiigc of r tation 
dm to c*lc.i truh tc 

-^ 23 . 5 ' 

-833.'^’ 

(Vo). 

# 

-219.0* 

—816.9* 

- 2.03 

-215 0“ 

— (S02.0* 

- 3 79 

-214.5’ 

-SoO.!" 

- 4.02 

-197-5’ 

-730.7" 

— 11.62 

-199.5* 

- 7 W. 1 * 

-10.74 

— 21 1 0* 

-787.0" 

- 5 59 

-218.0* 

-813 1* 

- 2.46 

-230.0* 

-857 9 " 

+ 2.55 

— 212.0* 

1 

bo 

0 

(increase) 

- 5-13 

-2195’ 

-818.7* 

- 1.79 

-2j6.5* 

-8075’ 

- 3.13 

199.0* 

-742 3 * 

-10.95 

-208.5* 

-777.7* 

- 6 71 
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Another series of measurements was taken with the same quinine sulphate solution 
and under identical conditions, but with the addition of varying quantities of sodium 
chloride. The results are shown in Table IV. 

Table IV 


Cone, of quinine = o.o26SM. 


Cone, of NaCl 





Cliauge of rotation due 



[«ir- 




toNaCl (%). 

0 


“ 223 . 5 * 


-831 6“ 


... 

O.OJ14N 


-224 5 * 


-837. t* 


+ 045 

0.214 


-218 o* 


-813.1“ 


- 2.46 

0.428 


-215.0“ 


-802.o“ 


- 3-79 

0.856 


-209.5“ 


-781.4’ 


- 6.26 

i 000 


-1995* 


-744.1" 


-10 74 




'1 ABLE V 




Optical rotation of quinine hydrochloride with additions of acids. 



Cone, of 

quinine = 

O.O322M. 



Cone of 

Mol. of 

/’ll 



Change of 

X, [Mjcnlc. 

acid. 

acid pci 



LV),V’- 

rotation 



etjuiv. of 




due to at id 



base 




(%). 


I. Nil 

j 0 

5 86 


-545-1’ 


-545.1" 

2. 0.00526N-IIC1 

1.1(131 

5 45 

-167.1“ 

-602.5“ 

+10.53 

0 1635 -598.7' 

3 0.01052 

1.3268 

4 95 

-182 2“ 

-6568” 

+ 20.19 

0 3280 —652.6* 

4. 0 01578 

1.4902 

1*55 

-199.4* 

- 734 5’ 

+32 9 < 

04888 “705-2* 

5. 0.02104 

1.6536 

4-25 

-212.3“ 

- 765 . 5 ’ 

+40.43 

0.6509 -758.3' 

6. 0.02630 

1.8170 

3-95 

-225.2“ 

-812.i“ 

+49.17 

o.Siio -8io.8“ 

7. 0.03156 

I .9804 

3 70 

- 236.0® 

-850.6“ 

+56.01 

0 9530 -857.3* 

8. 0.03682 

2.1438 

3 |2 

-240 3* 

-8665* 

+58.98 


9. 0 . 0.1734 

2.4706 

2.8s 

-243.0* 

-872.7" 

+60.10 







Diff. from 







maximum 







value. 


10. 0.1053 

4.268 

J -75 

- 237 - 7 * 

-857.1' 

- 1-79 


II. 0.1579 

5-907 

1.58 

f- 233 . 9 ’ 

0 

Cl 

rO 

00 

1 

- 3.38 


12. 0.2752 

9.547 

Not detd. 

-232.6“ 

-838.5' 

- 3.92 


13 * 

39-46 


-217.5" 

-7.84.2' 

— 10.24 


14. 1.9500 

61.56 

tt 

-208.4“ 

-751-5* 

-13.89 







Diff. from 







orig. rotation. 

15. o.o3i56N-IijS04 

1.9804 

ft 

-236.4’ 

-852.5* 

+56.40 


16. 0.04734 

2.4706 

it 

-241.2“ 

-870.0* 

+59.60 



Quinine Hydrochloride . — Varying quantities of standard hydrochloric acid and 
sulphuric acid solutions were added to a given volume of a solution of quinine hydro- 
chloride in water, keeping the final volume constant in each case by the addition of 
water. The final concentration of quinine was in each case 0.0322M. The variations 
of the pu values and of the optical rotations are given in Table V. 
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A similar study was made of the influence of varying concentrations of sodium 
chloride on the optical rotation of quinine hydrochloride, with or without the previous 
addition of hydrochloric acid in propoition suflFicient to raise the rotation to the maxi- 
mum value. The results arc shown in Table Vl. 

Tablb VI 

Optical lotalion of quinine hydrochloride with addilion of HCl andjor NaCi. 

Cone, of quinine — o.032aM. 

Concentration. 


No. 

HCl. 

NaCl. 

[cr] 



Change of rota- 
tion due to elec- 
trolyte (%). 

1. 

Nil 

Nil 

0.0322N 

-151*2“ 

- 545 . 1 * 


2. 


0.0577N 

0.0899 


-543.5" 

—0,29 

3 - 

i> 

0.2885 

0.3207 

-349.9* 

-540.4" 

-0.86 

4 

1 * 

0.5770 

0.6092 

-147.6* 

-535.7" 

-1.72 

5 - 

ti 

1.2384 

1.2706 

-143.5* 

“5i8.6® 

-4.86 

Diff. from 
niaximuui value. 

6 . 

o.o5iiiV 

0 -<\S 77 



— iS^u.2" 

- 1.43 

7. 

0.0511 

1.1870 

I. 2713 

-.JI 7 - 5 * 

1 

oc 

-10.34 


Varialions of Optical Rotation of Quinine SalU with Teinpetalure 

The rotation of a 0.06805M solution of quinine tartrate containing 0.24N- tulithiiric 
acid was determined at tcmpeiaturcs 25®, 30" and 35°. Snniiar measurenients were 
made with a 0.053M solution of quinine sulphate in o oybq A'-suiphuric acid at tempera- 
tures 30.6®, 37.4° and 51.2°, and in this case the refractive indices of the solutions were 
also determined at the cotiesponding temperatures using a Zeiss dipping refraetometcr. 
The results are shown in Table VII. 


Table VII 

Variations of optical rotation of quinine satis with temperature 


Temp. 

[ajo. 

[MId. 

Ref. 

index. 

O’r )’ 

[M]o. 

/ nH 2 ) 


(Quinine tartrate (0.06805 M ) 



\ 3 j 

25 * 

-2i6.2* 

-862.6* 

... 

... 

• •• 

30" 

-209.4" 

-835.5" 

... 

... 

• •• 

35 * 

-201.3* 

- 803.2* 

... 

... 

• •• 


Quinine sulphate (0.0969 M) 




30.6* 

-221.9* 

- 887 - 7 * 

1.33700 

1.59396 

-519-3 

374 * 

- 218 .I* 

-813.5* 

i« 339 o 2 

1.59172 

— 5 II.I 

51 . 2 * 

- 311 . 9 * 

- 780 , 0 * 

i* 3337 a 

1.58659 

- 490.0 



DEPENDENCE OP OPTICAL ROTATION OF QUININE SALTS, ETC 


165 


Variations of the Optical Rotation with Concentration of Quinine Salts 

A few incsurements were taken for studying the effect of concentration on the opti- 
cal rotations of quinine tartrate and hydrochloride solutions. The results are shown in 
Table VIJI. 


Table VIII 



Optical rotations of quinine salts at 

vaiyin^ con 

rentrations'. 


No. 

Partirnlars. Cone 

' of quinine 

fajn 

r-v], 

I. 

Quinine tartrate (in 0 48N-TTCI) 

0 31270 W 

— IQl I* 

- 763 5 

2 

Do diluted 10 time.® 

0 03127 

— 201 

-8o3.i 

3 

Quinme tartrate (in 0 2/1^-11.2804) 

o.f 6805 

-2094“ 

-83.S 5' 


Do diluted with equal volume of v^ater 

0 03403 

-214.7" 

-856.7' 

5. 

Quinine hydiochloride (in aq. soln.) 

0.06120 

-148.7“ 

-5360 

h. 

Do 10 r.c. diluted (0 19 c.c. uith watei 

0 03220 

-I51 2“ 



D I s C U S S I O N 

Tlie results recorded above show that the molecular lotations of different quinine 
salts at siinilai concentiation? are not identical, lliougb tlie variations are not large. 
I'lie following order lias been noticed : 

Q.HCl (in excess 11C1)>Q^ U>St), (in excess H 2 SC),)>Q tartrate (in excess HC1)> 
Q.HCl (aqueous soluiion). 

It seems that caution is necessary in accepting the sweeping generalisations some- 
times made, c.g., that all quinine salts, containing an equivalent amount of alkaloid, give 
the same rotation when dissolved in the same large excess of hydrochloric acid (Alienas 
Commercial Organic Analysis, Vol. VII, 5 th F.d., p. 470 ). 
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Among the electrolytes studied, acids have the greatest effect on the optical rotation 
of quinine. Curve i in I'ig. i shows that the rotation of quinine hydrochloride 
increases almost linearly with additions of hydrochloric acid till about 0.9 equivalent 
of acid has been added to one molecule of quinine. The cuive bends subsequently and 
a maximum rotation is reached for the addition of 1.47 equivalents of acid. This 
observation is in consonance with those of Dietzel and Sollncr Hoc. cit,) but is at variance 
with the statements often made that the maximum rotation corresponds with the forma- 
tion of the hihydrochloride of quinine, i.c., with the addition of one equivalent of acid 
per molecule of quinine (cf. Thorpe’s Dictionary of Applied Chemistry, 4th Ed., Vol. 
Ill, p. i4q; Liquier, loc. cit.). 

An exactly similar increase oi rotation of the quinine hydrochloride solution takes 
place on the addition of sulphuric acid in place of hydrochloric acid, at the corresponding 
concentrations (vide Table V). This indicates that the effect is due to hydrogen ions of 
the acid. 

Fig. 2, curve i shows that after the maximum rotation of the quinine hydrochloride 
solution has been reached, further addition of hydrochloric acid causes a gradual decrease 
of the rotation and that this decrease from the maximum value amounts to about 14% 
as the concentration of the acid appioaches 2.0 N (vide Table V). If again after sufficient 
hydiochloric acid has been added to the quinine hydrochloride for attaining the 
maximum rotation, sodium chloride is added instead of hydiochloric acid, the rotation 
is decreased to exactly the same extents as with the additions of corresponding equivalent 
quantities of the acid (vide Table VI, also Fig. 2). This shows that the decrease of rota- 
tion is in both cases due to the increase of chlorine-ion concentration. [The decrease of 
rotation due to tlie addition of excess hydrochloric acid was noticed by Hesse (/or. f/b) 


Fid. 2 



Carves 1—4 refer respectively to Q.HCt-f-HCl; Qj.HjSOi-f NaCl ; 
Q. tartrate+NaCl, Q.HCl+NaCl; -f sign refers to Q,HCl+o.o5iiA/- 
HCl-fNaCIi 
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but no further refereuce to any iiivesiigation of this point was found in the litera- 
ture]. 

That chlorine ions have a depressing effect on the rotations of other quinine salts 
as well is shown by curves 2, 3 and 4 in Fig. 2, coriesponding to quinine sulphate, 
tartrate and hydrochloride respectively (cf. also Tables II, III, IV and VI). With 
quinine sulphate (Table III), the addition of hydrochloric acid, sodium chloride and 
magnesium chloride had nearly the same effect at 2N concentration, but the lowering 
of rotation caused by aluminium chloride was appreciably smaller. It appears that the 
cation has little effect on the rotation and the smaller effect of the aluminium salt is 
presumably due to a lower activity of the chlorine ions in aluminium chloride solution. 

Tables II and III show the effect of several other electrolytes on the rotations of 
quinine tartrate and sulphate respectively. It will be seen that although most of the 
electrolytes added have a lowering effect on the rotation in a greater or less degree, 
chlorides have by far the maximum effect. These may be ai ranged in the follow- 
ing order : HCl,NaCl, MgCl,>AlCl3>NaN()3>(C0c)H)2>Na,SC),>H,P04>Na-acetate 
(-i H2S(),)>HoS04>citric acid. 

The observations indicate that the effects arc probably due to the anions, but the 
above ordei does not strictly correspond to the order of valency, though the monovalent 
chlorine and nitrate ions show the largest effect and the tribasic citric acid, the minimum 
edcct. Acetic acid provides an exception by increasing the rotations of both the quinine 
salts studied, but sodium acetate causes a small decrease. This point deserves further 
investigation. 

Since the electrolytic ions probably exert theii influence on the rotation of quinine 
salts, the rotatory i)owcr of quinine would also appear to depend on the ionic form in 
which it is present. Quinine heiug a diacidic base may exist in solution in the following 
forms: Q, QH^ and QHj*\ Qli^ should be present mainly in the hydrochloride 
solution and QHa^^in the bihydrochloride, and so a difference in the optical rotatory 
powers of the two ionic forms would qualitatively explain the nature of the variations 
observed on the addition of acid to the hydrochloride. Hypotheses on such basis have 
previously been postulated by Lifltiier Hoc. cil.)^ Lapp (loc. cil.) and by Dietzel and 
fibllner Hoc. cit,). 

A quantitative examination of the question would involve the calculation of the 
proportions of the tw^o types of ions at various stages duiing the addition of acid to 
quinine hydrochloride. In a mixture of quinine hydrochloride and hydrochloric acid, 
the following equilibrium may be assumed to exist ; 

QH/"^======^QH* + H^^===^Q + 2T^ ... (i) 

The values of the dissociation constants K’l and K2 of the ’ ion are 4.3 x 10"' 

and 2 X io““ respectively (Pedersen, Dansk, Tids, Farm., 1934, 8, 17). On account of 
the large difference between the values of the two dissociation constants, the second 
stage of dissociation, i a., the concentration of the uncharged Q molecules, may be 

3— 172IP—4 
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neglected in an acidic solution, as obtains during the addition of acid to quinine hydro- 
chloride. The equation for eiectioneutrality in such a solution may be written as : 

+ [QH^] + [H^] = [cr] ... (2) 

Cx Cii-x) (Cj-C*) (C + Ct) 

where C is the molar concentration of quinine, Ci, the concentration of added hydrochloric 
acid and X is the fraction of the quinine molecules present in the QHa’ ' form. There- 
fore, 




[QH/M 


C.\ 


whence, 


-;c(C + Ci + /\i) + C, = o ••• (3) 

The values of x calculated from the quadratic equation (3) with different values of 
C,, are given in column 8 of Table V. 

If W’e now assume the value —545.1® for the molecular rotation of quinine hydro- 
chloride as due to QH^ ions alone, and the maximum value —872,7® as due solely to 
ions, the molecular rotation of a solution containing a mixture of the two ionic 
forms will be given by 

r^/lcHic = “•(545-1'" + 327 -b A) ... (i) 

The values of [Mir tic. calculated from equation are given in the Ian column 
of Table V, Curve 2 in Fig. i was obtained by plotting the above values, but the last 
three points represent the values of [Mjcuir corresponding to those of Ci calculated 
from equation (3) by substituting respectively the values 0.985, 0.99 and 0.995 • 

The close correspondence between the observed and calculated curves tends to justify the 
assumptions on which the calculations were made. 

Since the optical rotatory powder of quinine show's uicrease with the charge of the 
quinine ions, factors which w'ould alter the charge would be expected to alter the rotation 
also. When chlorine ions are added in excess to quinine hydrochloride in acid solution 
having the maximum rotation, an association of the oppositely charged ions, and 

Cr to form a complex of the type QH,Cr might be considered as taking place. This 
would reduce the effective charge of the quinine ion, and theiefore the rotation, as observ- 
ed in curves i, 2 and 3 in hMg. 2. The slopes of the descending portions of these three 
curves are almost identical, tending to indicate that the same type of interaction is taking 
place in these cases. 

Curve 4 in Fig. 2 for quinine hydrochloride and sodium chloride shows a slower 
decrease of rotation with increase of chlorine ions. Here,-an ion-associalion of the type 

QH^ + Cr = QHCl 

itikybe postulated, but the attractive force ,,would be .weaker than that bet^eep.QHat"^ 
and cr, which would explain the smaller depression of th6 optical rotation. 
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Similaily, the eflfect of other electrolytes in reduciug the optical rotation of (luinnie 
salts may be attributed to the in tei action between the quinine cations and the anions of 
the electrolytes to form ion-complexes of reduced charge. A regular variation of llie 
effect with the valency of the added anion would be expected in such cases, but the 
observed absence of such regularity, the characteristically prominent effect of chlorine 
ions and the anomalous behaviour of acetic acid point to some sort of specificity in these 
interactions. 

Table VIII shows that a decrease of the concentiaiiou of iiuinine salts results in an 
increase of the molecular rotation. This would appear to be due to the dissociation of 
the salt molecules iuto the resiiective ions resulting in an increase of the ionic forms 
which produce higher rotations 

The rotation of quinine salts is fdund to decrease with increase of temperature^^ vide 
Table VII and Fig. 3I. Increase of tenipciature may bring about, among others, the 
following ty[)es of changes in the solution of the quinine salt : — 

(1) Decrease of density resulting in a decrease of the refractive index. 

(2) Increase of the freedom of rotation within the molecules, thus reducing the 
asymmetry (e.g., about the axis joining the Ca and L\ carbon atoms). 


Fig. 3 




-iSu* 


According to Guye and Aston (Conipl- tend,, i^97, 124 , 194 ; also cf. Walden, Ber., 
Z905. 88, 363), optical rotation generally decreases with increasing temperature, but 



170 


8 . 


the ttiagiiitude of the decrease is usually rather small and probably results from decrease 
In refractive index due to decrease in density. This conclusion would, however, apply 
to molecules already possessing freedom of rotation The following relations have been 
found to hold between the refractive index, n, and molecular rotation (Kauzmann, 
Walter and Eiying, loc cii.) 

[Jtf]n -rf” ... (5) 


[M]„ + 




= Con.staut 


Equation (6) is said to have given better constancy in certain cases. 'I'lie values of 
calculated for quinine sulphate, have been given in the last column of 
Table VII and also plotted in curve 3, Eig. 3, 


Comparison of the curves 2 and 3 in Fig. 3 shows that although the slope of the 
change is reduced by correcting the molecular rotation foi refractive index in the above 
manner, actual constancy is not thereby attained This w'ould indicate that other factors 
also come into play including the increase of freedom of lotation of the molecule about 
the axis connecting the asymmetric carbon atoms C# and C,,. 


Further work on the standardisation of conditions for the assay of quinine by optical 
rotation is in progress. 


The author wishes to thank Dr. L). P Basil, Director, Bengal Immunity Research 
Institute, for his interest in the work. 
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IMlD(JCHLORlDIiS. PART VIII. REACTION OF ANIUOK 1 MI DOCK LOR IDES 
WI IH ETHYL SODIOMALONATE. SYNTHESIS OF SOME 4-HYDROXY- 
2-ARYL-3-CARBETHOXYQUINOLINES 

K D. Kui.karni and R. C. Shah 

In extension of the previous work of Shah and Ilceramaneck tJ.CIicm Soi , 4.18, 1937,867) 

ethyl sodiomalonate has been condensed with various anilide iniidochlorides containing substituents in 
the acid part of the molecule The crude condensation products have been cycl'scd by heating undet 
reduced pressure to the corresponding /i-hydroxy-2-aryl-3-carbethoxyviuinolines, and the latter then 
hvdrolysed to the corresponding carboxylic acids. 

Just condensed cquiniolecular proportions of benzanilidc iniidochloridc with ethyl 
sodiomalonate in ether and isolated (/) inono-'^ pheiiyliniinobenzylnialonic acid diethyl 
ester (I, R = Ph) and (li) di-cx-phenyliminobenzylinalonic acid diethyl ester (II). He also 
obseived that the niono-condensa'ion product (I, R -Ph) underwent cyclisation on healing 
at highei temperatures affording 4-hydroxy-2-phenyl-3-carlDelhoxyquinoline (III, R = Ph; 
Ri = Et). He extended the above reaction to benz-o- and -p-toluidide imidochlorides and 
and ^-naphthalide imidochlorkles (Just, Per., 1885, 18,2623; 1886, 19,983,1462, 
1541). 

Shah and Heeramaneck modified the above method by carrying out the condensa- 
tion in dry toluene and employing one additional mole of free ethyl malonate, thereby 
minimising the formation of the di-condensation product and improving the yield of 
the mono-condensation product and consequently that of the quinoline. They have 
applied the above modified method to the condensation of various substituted anilide 
iniidochlorides and also to the iniidochloiides derived from benzoyl derivatives of and 
/J-naphthylamiues, and have bhown this synthesis to be of general applicability (Shah 
and Heeramaneck, /. Chem. Soc.^ 1936, 428; i 937 > 867). Elderfield and co-workers 
have also applied this modified method foi the synthesis of some substituted 4-hydroxy- 
2-i)henylquiuolines from the corresponding iniidochlorides {], Aincr. Chvni. Soc., 19461 

88 , 1272). 

OH 

Ph.N. C(Ph) CO,Et \ I p 

T I ' 

Ph.N: C(Ph) CO.Ut 

(I) (ID (III) 

In extension of the vvoik of Shah and Heeramaneck (/or. cit.) ethyl sodiomalonate has 
been successfully condensed with anilide imidochlorides substituted in the acid part of 
the molecule. The imidochlorides employed in the present investigation were derived 
from m- and f^-toluk acids, m- and f'-bromobenzoic acids. f>-methoxybeuzoic acid and- 
/3.napbthoic acid. 


n 




COaUt 

\ 

CH.COjEt 

I 

C.K 



m 


K. D. KOLKAUNJ AND tl, C, StlAtl 

Kxccpt in tlie case of ^-iiaphtliaiiilklti initdochloridc, tlic iutcrinediale condensation 
products could not be crystallised and the crude products were directly cyclised when 
A'hydroxy-2-aiyl-ycarbethoxyquiHolines QII, R-aryl; R, =Et) with various substi- 
tuents in the e-pheuyl ring were obtained, which are new. The condensation of'fi- 
naphtliAnilidc iniidochloride with ethyl sodiomalonate afforded crystallisable intermediate 
condensation product, which on cyclisation gave j[-hydro\y-2-P-naphthyl-ycarbethoxy- 
quinoline (III, R = ^-nai)hthyl; R, =Et). All the 3-carbethoxyquinolines, obtained as 
above, on hydrolysis gave the corresponding quinolinc-ycaibo.\ylic acidi (111, R=aryl; 
R. = H). 

t 

Ihc re^ulls of the pixibciil work have fuither bhowii the general api)lical)i|ity of the- 
synthesis and that the presence of substituents in the acid part of the iinidochioride 
molecule does not seem to ai)prcciably effect eilhef its condensation with ethyl sodio- 
inalonate or the cyclisation of the condensation pioduct to the quinoline derivative. 

Shah and Heerainanecfc (loc. ai.) earned out the cyclisation of the intermediate 
condensation products by heating them above i8o" (under atmospheric pressure), but 
in the present work it has been observed that the same could be effected more smoothly 
by treating them at i6o'’-i7o® under reduced pressure. 

K X I* E K I M E N T A J. 

Anilides required for the purpose were prepared by the method lecommended by 
Sliah and Deshpande (/. Univ, Bombay, 1933, 2 , II, 126). 

o-T oluanilide imidochlondc was piepared by heating o-toluauilide (10 g.) and 
phosphorus pentachloride (14 g.) till the evolution of fumes of hydiochloric acid ceased. 
It distilled at 160 '’-170^/10 mm., m.p. 36®, yield 5 g. (Found: Cl, 14.9. C^Hi^NCl 
requires Cl, 15.5 per cent). 

Condensation of o-Toluanilidc Imidochlondc icith Ethyl Sodiomalonalv : 4- 

Hydroxy-2-o-tolyI‘;i-carbeihoxyquinoline,- o-Tdluciuihiiii imidochloride (5 g., i mol.j 
was refluxed with ethyl sodiomalonate, prepared from ethyl maloiiale (10 g , 2 mol.) and 
sodium (0.6 g., I atom), in dry toluene at 130^-140° for 2 hours. TJiu cooled leactioii 
mixture was Ihcu ticatcd with water and extracted with ether. Kther was distilled out 
under atmospheric pressure, and the tolueuc and excess of ethyl malonate weic lemoved 
under reduced piessure. The crude condensation product so obtained cotild not be 
crystallised and was heated for cyclisation at i5o®-i6o® under reduced pressure till the 
evolution of bubbles of ethyl alcohol ceased The reaction mixture' was then treated 
with cold alcohol when the quinoline derivative \\ as obtained in crystalline form. It 
was recrystallised from hot alcohol, in. p. 184-86®, yield 2 g. (Found . N, 4.1. CiuHirOjN 
requires N, 4.6 per cent). 

^•Hydroxy-2~o-tolylquinoline-^-carboxylic Acid. — The ethyl ^ster obtained as above 
was hydrolysed by refluxing with alcoholic sodium hydtoxide for'2hour8. T lift acid 
bbtaiued on acidification with hydrochloric acid was crystallised from acetic acid, in.p, 
I98''-20 o® (decomp.). (Found: N, 4.5. CirHuOaN requires N, 5.0 percent); - - ; - 
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The following compounds were prepared by the method described above- All the 
esters W’ere crystallised from alcohol, whereas the cori'espondiog acids were crystallised 
from acetic acid unless otliei wise mentioned. The percentage yields of the quinolines 
are calcqlated on the weight of the iniidochlorides employed. 

m-Toluanilide imidochloride, prepared from in-tohianilide (log.)and phosphorus 
pentachloride (14 g.), distilled at 210^-220“ 1 3^ mm., m.p. 37". (Found: Cl, 15.0. 
CuHisNCl requires Cl, 15.5 per cent). 

4~Hydro\y-2~m-lolyl-3-caTbethyo\yquinoltiic was obtained from m-toluanilide iinido- 
chloride, nl.p. 175-77'’, yield (Found: N. 4.5 Ci.IIuOjN requires N, 4.6 per 

cent). 

4-Hydro\y~2-m-iolylquinoiine-3-carbo\ylic acid, m.p. i83->S6" (decomp ). (Found: 
N, 4.9. CirHjaOjN requires N, 5.0 per cent). 

p-Toluandide imidochloridc was picpaied from />-tohianilide (14 g.) and phosphorus 
pentachloride (19 g.), yield 10 g. It distilled at 2oo‘’/i6 111111. and had m.p. 45'’. 
(Found: Cl, 15.2. Ci.H.aNCl lequires Cl, 15.5 per cent). 

4~Hydro\y-2-p-lolyl-3-carhellio\yquinohnt was prepared from />-toluanilide imido- 
chloride, yield 9%, m p. 233-35° (Found- N, 4 o C,.H„ 0 ,N requires N, 4.6 per 
cent). 

4-Hydro\y-2-p-toiylquinoUnC‘3-carbo\\lu ac/rf, m p. 273-75° (decomp.). (Found: 
N, 4.5. CjjFTijOiN requiies N, 5 o per cent). 

m-Bromohenzanilide imdwchloridc was prepared from m-bromobenzanilide (14 g.) 
and phosphorus pentachloride (14 g.), b.p. 230-24o‘’/5o mm , m.p. 39''. (Found: Halogen, 
39.0. CisH.,NCiBr requires halogen, 3<) 2 pei cent). 

4-Hydro\y-2-m-bromophcnyl-3-carbclho\yquinohnc was prepared from m-bromo- 
benz.anilide iinidochloride, m.p. 231-33°. (Found; Br, 20.7 CisHiiOjNBr requires Br, 
21.5 per cent). 

3- Hydio\y-2-m~bromophenylquinohne-3-carho\yUc arid, m.p. 238'’-4o" (decomp.). 
(Found: Br, 22.9. CisHioOjNBr requires Br, 23.2 per cent). 

f>-Bromobenzanilide iinidochloride was prepared by Shah and Chaubal’s method (/. 
Chevi. Soc., 1932, 652), m.p. 85-86". Wheeler and Johnson {Amer. them. 1903, 30, 
24,) give m.p. 78®. 

4- Hydro\y-2-p-bromophenyi~3-carbetho\yqutnolinc from (>-bromobcnz.aniIide imido- 
chloride (yield 24%), m. p. 258-60°. (hound. Br, 21. i. CnHuOaNBr requires Br, 21.5 
per cent) . 

4-Hydioxy’2-P'bromophenylquinoline-3-carbo\ylic acid, m. p. 277°-8o° (decomp.). 
(Found: Br. 22.5. Ci«H,oOjNBr requires Br, 23.2 per cent). 

p-Melhoxybemanilide imidochloride distilled at 212° 1 11 mm. (Found: Cl, 13.9. 
Calc, for Ci«H|jONCl: Cl, 14.4 percent). Wheeler and Johnson {Iqc, cit.) give m.p. 

70“, ’ 



174 


K. D. KULEARNI AND R. C. SHAH 


^•Hydroxy-2'\t-nietho\:yphenyl-ycarbethoxyquinoline was prepared from p~ 
metboxybenxaailide imidochloridc, yield 28%, m.p. 216-20®. (I''ound: N, 4.0 C'l.HuOjN 
requires N, 4.3 per cent). 

4-HydToxy-2-p-ineiho.\yphcnylquinoIine-i-carboxyUc acid, m.p 226"-2 q'’ fdecomp.). 
(Pound: N, 4.0. CjtHhOiN requires N, 4.7 per cent). 

^-[Phenylmino-(0-naphihylmethyl]] malonic Acid Diethyl £.?/er.— The condensa- 
tion of jS-naphthanilide iniidochloride UShah and Chaubal, loc, cit.) and ethyl sodiotnalo- 
nate afforded the above as a pasty mass after usual treatment. It was left in a frigidaire 
for few days after which it solidified to a whitish mass. It was washed with petroleum 
ether, and after crystallisation from alcohol it gave a white solid, m.p. 150-52® (Found: 
N, 3.9. C24H2304N requires N, 3.6 per cent). 

4-Hydroxy-2-P naphthyl-ycarbethoxyquinoitnc was prepared from the above, m.p. 
227-30®. (Found: N. 3 6. CjjHirOsN requires N, 4.1 per cent). 

4-Hydroxy-2-^-naphlhylquinoline-ycafboxyhc acid, m. p. 238-40® (decomp.'. 
(Found: N, 4.1. C2r,Hi,0,N requires N, 4.4 per cent). 

Okcanic Curmistry Laboratorivs, 

ROVAI, iNSTims or SciENCK, Received Novewbei 13. 1948. 
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SYNTHEvSTS OF SOME NHW ACRIDINE DERIVATIVKvS. PART I 

By Kundan Singh and B\siiir Ahmad 

Certain dialkylaniino-nlkvlaniiiio-arndine*?, sub‘«tiliited pliedylaniinn-aciidiiies, sulphanilainido- 
acridines and aoetylaminoben7ene sulphonamido acridines liavc been synthesised for stiidyiin? their 
aniinialarial and antiseptic propeities 

Acridine deiivatives, like atchrin and aciiquiiie, wliicli contain a dialkyla'miiio- 
alkylaniino chain at position 5» pos^^css strong aiitiinalarial properties (Kiknth, Deut. 
Med. Wrhschr., T932. 58, 530; Mat»idson and OriRorowsky, Bci , 1936, 69B, 396 ; 
INIictsch and Maiiss, Kliu. IVch^cbr ^ tQS 3» ^2, 1276 , MaRidson and Origorowsky, 
Khivi.Faim Prow, 1Q35, No i. 26-34). Magidson and Origorousky {loc. cit .) have 
noticed that the antitnalarial chemotherapeutic index of «S-nitro derivatives is increased 
if the nitro group is transferred from ^ to 7 position in the acridine molecule. Furthei, 
the aciidines, which arc substituted by a halogen atom in anv particular position, show 
antimalai ial propertiLs f^Iietsch and T^Tauss, loc cP ). 

5-Aminoacridines, which contain a nitio 01 amino group, have been shown to possess 
good antiseptic properties (vSehnit^'ar and Silbcrslc in, 7 T020, 109, 519 , 

Albert ci al.y /. F\pil. Path.^ 4^) 

In view of the above fads it was thought desii able to prepare compounds of the 
general formula 

NH R 




Cl 


T.NO, 


1 N 


where-NIIR lepiescnts different *=traight chained dialkvlamino-alkylamino, substitu- 
ted phenylamino, sulphanilamidc, ammo, and /i-acetvlaminoben/ene suliihonylamino 
groups. The nitro group vas furlhci 1 educed tc amino group and the latter acetylaled 
and also condensed with /?-acclylaniinobcn/ene sulphonyl chloride. 

To obtain these compounds 5-nitio-N-/> chloiophenylanthraiiilic acid was cyclised 
with phosphorus oxychloride to give 7-nitro-3 :5-dichloioarridine. 7-Nitro-3 . 5-di- 
chloroacridine has furlher been condensed with aniline, /’-anisidine, />-chloroaniline, 
/?-aminobenzene sulphonainide, y-diethylaminopropylamine and 8-diethylaminobulyl- 
aniine according to Method I. 

In the condensation of e-diethylaniinoamylamine with the dichloroacridine by 
Method I, much of aendone was formed, consequently the condensation was accomplished 
according to Method II. 

7-Nitro-3-chloro-5-aniinoacridine was obtained by the treatment of 7-nitro-3. 5*^t“ 
chlorgacridine with ammonium carbonate in hot phenolic solution. This 5-amino- 
acridine was further condensed with ^-acetylaminobenzene siilphon\l chloride in dry 
pyridine. * 

3- .i7aiP— 4 
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7-Nitro-3-chloro-5{ phenyl) aminoacridine and 7-nitro-3“Chloro-5( 4'-methoxyphenyl )- 
ainiiioacridine were further reduced by anhydrous stannous chloride, acetic anhydride 
and hydrochloiic acid. These reduced 7-amino ^»roups were further acetylated and 
also were condensed with /)-acctaminobenzene sulphonyl chloride in dry pyridine to 
yield the corresponding 7-/i'-acetaniinobenzene sulphonyIaiiiino-3-chloro-5-substiluted 
acridines. 


Expertmkntai, 

7-iV//rc)-3 ydlchloroacridtne. — 5-Nitro-N-/>-chlorophenylanthranilic acid (i g ) was 
refluxed with excess of pliosphorus oxychloride (6c.c.) for 4 hours on an oil-bath. 
The oxychloride was removed by distillation under reduced pressure. The residue was 
triturated with cold ammonia, filtered, w'ashcd, and dried in a steam-oven. On crystallisa- 
tion from dry benzene, it gave yellow needles, m. p. 208-209'’. (Found N, 9.71. 
C13H6O2N3CI2 requires N, 9.66 per cent). 

y-Nitro-ychloroaciidone — The insoluble portion, which was left on crystallisation 
of 7-nitro-3 5-dichloroacridme from benzene, on washing wdth hot alcohol, chloroform, 
acetone and ether gave a product wdiich did not melt up to 400°. This could not be 
crystallised from any of the organic solvents. On analysis it gave N, to 46%, while the 
aendone Ci3n70)N2Cl requires N 10.20%. So the result of analysis shows that it is 
7-nitro-2-chloroacridone. 

4 -Nitro- 4 ^~rhlorodiphcnvl(i}iii}ic - 6- rarhox v/ Chloride . — 5-Nitro-N-/)-chlorophenyl- 
anthranilic acid (i g.) was suspended in 8 c c of dry benzene and phosplirrus penta- 
chloride (0.9 g.) was added to it. It w^as refluxed for 15 minutes until a solution was 
obtained. On filtiation and cooling, it deposited yellow powder which was crystallised 
from dry benzene, m. p. 135-36°, yield So% (Found N, g 27. CnHsOtNiClo requires 
N, 9 o pel cent). 

^•Nitro-ychloiO’^-amhioaciidiuc — 7-Nitro-'^ 5-dichloroacridine (i g) w^as heated 
with phenol (5 g ) up to 70°. Then ammonium carbonate (t g ) was added slowly and 
temperature raised to 120° for 15 minutes. The reaction mixture w^as treated wdth 
ether, and dry hydrochloric acid gas passed through it The hydrochloride after washing 
with acetone, was treated w’ith sodium hydroxide solution and the base was crystallised 
from chloroform, in. p. 303-304°. fFound* N, 15.66, CjiHrOjNjCIo requires N, 15.35 
per cent). 

7 -NitrO‘ychJoro~S’^v'-(icetylami 7 iobcnz€nc sulphonyl) ayninoacndinc . — The solution 
of 7-nitro-2-chloio-9-aminoacridinc (i g ) in dry pyridine (20 c c.) was heated to 125° 
for 3 hours with f)-acetylaminobenzene sulphonyl chloride (1.4 g.). Yellow needles 
were deposited on cooling. It was filtered and crystallised from dry pyridine as bright 
yellow needles, m. p 356-58°. (Found: N, 12.18. C21H1 .OaNjCIS requires N, 

11.90 per cent). 

7-Nitro-ychloro-s^^ubsiituted Acridines {Method I). — 7-Nitro-3:5-dichloroacrininc 
(i g., I mol.) was dissolved in phenol (5 g.) and the amine (r.i mol.) to be condensed 
was added. The mixture was heated on a steam-bath for 3 hours. After cooling, 
the reaction mixture was thoroughly triturated with ether. The product was filtered 



Sl’NlfiESIS OF SOME NEW ACRIDINE DERIVATIVES 177 

aud thoroughly washed with etlier. It was usually crystallised from gflacial acetic acid. 
The free base was obtained by Ireatnieut with sodium hydroxide solution. 

y-Niiro-ychloro-s-{phenyl) aminoaciidinc . — The hydrochloride was crystallised 
from glacial acetic acid, m. p. 320-.2i". (Found : N, 11.03. CioHiaOaNaCl.-HCl 
requires N, 10.88 per cent). The base was crystallised from So% alcohol as orange 
needles, m. p. 255-56°. 

y-Nii}o-ychlorO‘S-(4^ - mt,tlio\yphenyl)aminoLicridinc . — The hydrochloride was 
crystallised from glacial acetic acid, in. p. 307-309° (decomp.). (Found : N, 10.30. 
C2 oIIii 03N.,C1.HC1 requires N, 10. oy per cent). The base was crystallised from 
benzene, 111. p. 239-40"). 

y-NitrO’^chloio-S'W-c hloiophcnyl) uniinoacridinc . — The hydrochloride was crystal- 
lised from glacial acetic acid, m p 332-3 (decomp.). (Found: N, 10.08. 
Ci„Hii( ijNaClo. HCl leqiiiies N, 9.99 pei cent). The base on ciystallisalion from 80% 
alcohol yielded beautiful seal let needles, m. p. 2t)6-67°. 

y-^'l^r0'ycht010-s-^ I'-sulphouanudophenyl) aninwaciidinc was crystallised fiom 
acetone, m. p. 282-83°. (Found : N. 13-23. Cx JI13O1N4CIS requires N, 13.07 per cent). 

7-iV//7e*3-( hloio-s-(y'di^dliylannnopiopyl}aniinoaLridine.— The condensation was 
effected as given in Method I, with some difference in working out tlie product. After 
trituiation with ether the j'cmi-solid obtained was treated w'ith 2-.V-sodium hydioxidc 
solution and the free base was washed with alkali and then witli water. It was separated 
from any acridonc by treating with dilute hydiocliloiic acid in which the acridoiie w^as 
insoluble. Then the hydrochloiide solution was washed with ether, the ether 
separated, and the remaining hydrochloride solution was filtered aud again 
neutralised with 2.V-sodium hydroxide. The free base was separated, dissolved in 
ether and dried over fused magnesium sulpliate The dry ethereal solution w^as treated 
with a few drops oi absolute alcohol, saturated with hydrochloiic acid gas. A yellow 
powder of dihydiocliloride separated. It was thoroughly triturated wdlh ether and 
ciystaliiscd from a mixture of equal quantities of alcohol and acetone as bright yellow' 
micro-crystals, 111. p 212-14° (hound : N, 12. 36. L\on330:jN4Cl. 2IICI requires N, 
12.10 per cent). 

y-I^itro-ychloro‘S’(^-dieiJiylaniinobutyl)amuioacridinc wa.s worked out as above, 
and crystallised from absolute alcohol as yellow glistening uecdcls, m. p. 224-26°. 
(Found : N, 12.12. C2iH:;^.()2N4C1.2HCl requires N, 11.82 percent) 

y-Nilro-ycliloio- 5 {e-dielhylaminoamyl)a 7 ninoai riduie (Method II ). — In this 
condensation by the above method, a lot of acridonc was formed. 4-Nitro-4'- 
chlorodiphenylainine-b-carboxyl chloride (1 g.) was taken up in 10 c.c. of dry 
benzene, and then (?-diethylaminoamylaniine (0.7 g.) was added to it. The mixture 
w^as refluxed on a w'ater-bath for 30 minutes. After this 3 c.c. of phosphorus 
oxychloride were added to it and refluxing continued for 6 hours. After cooling, 
benzene was decanted off and the residue washed thoroughly with ether. It was 
then taken up in 15 c c. of hot absolute alcohol and 50 c.c. of ether were added to it. 

A yellow powder separated out, which was crystallised from a mixture of absolute 
alcohol and acetone, m. p. 235-36°. (Found: N, 11.57. C.^Hu/OiN^Cl. HCl requires 
N, 11.40 per cent). 
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7~A}nino-ychloro-5-{phenyi)aminoacTidinc . — The reducing agent was prepared l)y 
suspending anhydrous stannous chloride (7 g.) m acetic anliydride (7 c.c.) and 
then adding glacial acetic acid to make the volume up to 30 c.c. and then saturating 
with dry hydiochloric acid gas till the whole of stannous chloride went into solution. 

7-Nitro-3-chloro-5-iphenyl)aminoacridine (i g.) was added in small portions to 
30 c.c. of the reducing agent with continuous stirring, the whole operation lasting for 
one hour. It was then left overnight, filtered and washed with glacial acetic acid. 
The free base was obtained by treating with potassium hydroxide solution. It was then 
washed free of alkali. After drying it was crystallised from a mixture of absolute 
alcohol and chloroform in bright yellow needles, m. p. 236-37°, yield 90%. (Found : 
N, 13.39. CiiiHuNiCl requires N, 13.15 per cent). 

j-Amino-ychloro- 5 -{ 4 '-melho.\.yplienyl)amtnoacTidine was obtained by the reduc- 
tion of 7-nitro-3-chloro-s-(4'-methoxyplienyl) aminoaciidiiie by the above method and 
crystallised from a mixture of absolute alcohol and chloroform in yellow glistening 
plates, m. p. 220-21°. (Found : N, 12.44. CjoHitON.Cl requires N, 12.01 percent). 

j-ActlylaTnino-ychloTo-s-i phenyl ) aininoacndinc . — 7-Amiiio-3-chloro-5-( phenyl )- 
aminoacridinc (o.i g.) was heated with a mixture of acetic anhydride and glacial acetic 
acid (30 c c.) on a watei-bath foi 15 minutes. It was then poured into ice-cold water, 
made alkaline with ammonia solu'ion, filteied, washed, diied and crjstallised from 
absolute alcohol, m. p. 286-87°. (Found : N, ii 83. CoiHuONjCl lequires N, 11.61 
per cent). 

7-A(elylainino-Z'Cliloio-5-(4'-metho\yphenyl)aminoacridinc . — Acetylation was made 
as in the above case. It was crystallised from absolute alcohol as shining scarlet 
needles, m. p. 258-59°. (Found : N, 10.94. Ci2H,80jNjCl requires N, 10.72 per cent). 

j-p'-Acetaminobenzene • iulphonylamino-^-chloro • 5 - ( phenyl )aminoacndine . — 7- 
Amino-3-cl]loro-5-(phenyl)aminoacridme (0.2 g.) was dissolved in freshly distilled dry 
pyridine (8 c.c.). Then i>-acetamiuobenzeue sulphonyl chloride (0.24 g.) was added 
to the pyridine solution and left overnight and then heated in a paraflSn-bath at 
125° for 2 hours. After cooling, it w'as triturated with 30 c.c. of water and filtered 
and washed thoroughly with water. It could not be ciystallised from various 
organic solvents. For analysis it was washed thoroughly with boiling absolute alcohol, 
chlotofonn, and ether. It is an orange powder, m. p. 282-83°. (F'ound : N, 10.99. 
CjrHsjOjNiClS reijuires N, 10.84 percent). 

'/-p'~Acclaminobenzenc - !>ulphony\amino- i-chloto - 5 • (4'-meihoxyphenyl) aniinoacri- 
dine . — It was prepared by the same procedure as the above compound, and crystallised 
as an orange powder, m. p. 256-57°. (Found: N, 10.46. C28H23O4N4CIS icquiresN 
10.24 per cent). 

The authors desire to acknowledge some pielihiinary work done by Mr. Gurbaksh 
Singh in 1 elation to these investigations. 
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Lahore, W. Pakistan, 
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VARIATION OF THli D1SCHAR(;E CURRENT AND JOSHJ ICFFECT 
WITH TIME IN lODlNli VAPOUR UNDER SIEENT 
ELECTRIC DISCHARC^R 

By G. S. Deshmukii 

The time variation in the conductivity / and the .issociated Joslii effect At hab been observed over a tein- 
peralure range of 30“ to 90" in iodine vapour, aged under .silent discharge at 0.5 kV of 500 cycle.*- fre- 
cjuency. i and At show an initial increase followed by a periodic and synchronous .self-reversal. 
'J'he amplitude of this reversal incre ises with temperatuie but is clamped when the s>stem is preheated 
for a given time period. The conductivity decreases by 10 tn during the rest period varied from 
30 to 720 minutes. ITolonged ‘ageing’ enlianccs and stabili.‘-es /, reduced and reiulcred unsteady due 
tf> it.^ discontinuation. The periodic reversal of 1 and its diminution inmicdiatel> after the re.st period 
is not marked during ageing of bromine vapour This is attributed, in part, to the ilependence of 
/ and At on the behaviour of the adsorption-like boundary layer formed as a result of the interaction 
between the electrode (glass) w alls and the excited vapour A caparitative change occurs due to the 
variation in the density or/aiid the dielectric constant of the adsorbed phase. This, as also the charac- 
teristic ‘w'ork function' of the boundary layer and its stability with and without the applied field deter- 
mines the magnitude of / and A/ A progre.s.sne recovery in the conductivity of bromine vapour with 
the duration ot the re.st period is as.sociated with the marked instabilitv of the adsorption layer of 
.‘odiuni bromide as suggested by its gradual .sintering at room temperature and its abrogation due to 
adsorption of iodine. The results are in accord ith Joshi’s theory of the surface origin of the ‘periodic 
effect’ and the Ai phenomenon and suggc.st that sintering of the electrode la) er js an additionai deter- 
minant of the conductivity and the Joshi etfcct. 

Earlier results reported the marked influence of ‘ageing’ /. c. a time variation at a 
constant applied potential V in the conductivity i, on the magnitude of the Joshi effect, 
an instantaneous and reversible photo-variation A/ in excited chlorine (Deo, Proc. Ind. 
Acad- Sci., 1945, 21A, 76, ; Mallikarjuiiappa, this Journal, 194S, 25, 197) and bromine 
(Deshmukh and Sirsikar, Proc. Nat. Inst, Sci., 1948, 14, 157). Extension of these 
observations to iodine vapour was suggested by the non-idcnlity of the rising and fall- 
ing V-t characteristics observed during studies of the potential variation of At in the 
above system (Deshmukh, Proc. Ind. Acad. Scu, 1949, 29A, 243). The present 
communication reports results for the synchronous and periodic reversal of i and Ai in 
excited iodine due to ‘ageing’ and its marked dependence on temperature, nature of 
the electrode surface and the duration of ‘rest period' [vide infra). 

Experimental 

The general apparatus and the electrical circuit used were essentially similar as 
adopted previously (Deshmukh aud Sirsikar, loc. cii.). The occurrence of ageing i.e. 
a time variation of the conductivity in dark (to) of iodine vapour was studied at a 
series of temperatures in Siemens’ type (glass) ozonisers, excited at various (fixed) applied 
potentials V of a given supply frequency. Iodine vapour was obtained from a glass 
bulb containing pure solid iodine. This was sealed serially through a capillary to the 
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annular space of the ozoniser. Thu entire system was evacuated on the t<)pler and the 
ozoniser was sealed off when it maintained a satisfactory vacuum. The ozoniser and 
the attached bulb were enclosed in an asl:)estos chamber, heated electrically. The 
quantity of iodine in the bulb was such that even at the highest temperature employed 
in this series of experiments some solid phase remained. The current ; was measured 
with a double wave, oxide rectifier type, Cambridge A. C. microammeter. The current- 
time curves in Fig. i represent only one typical set of observations obtained at 30®, 80'’ 
and 90°. 

The time variation of 7 d after ‘preheating' the system at a given temperature was 
studied. The data for ‘ageing’ obtained without prelieating are termed as normal. A 
representative grouj) of results observed at 0.5 kV with and without preheating the 
system for 360 minutes at 80" and is shown in Fig. 1. 

The influence of ‘rest period*, i c. the interval between two successive exposures 
to discharge, on the variation of the discharge current i after ‘ageing* was also studied. 
Iodine vapour excited at a constant applied V w as allow’ed to age under the discharge 
under normal condition and also after iireheating the system at a series of tempeiatures 
for a given time period. The discharge was discontinued when the current reached 
a stationary stage due to ageing and was restarted at the original i)Otential after different 
durations for the ‘rest period’ as defined above. F'ig. 2 illustrates a typical set of results 
observed at 90® by varying the rest peiiod from 30 lo 720 minules during the ngemg 
of iodine vapour at 0.5 kV. 

Table I 

'Ageing' influence on conductivily in dark and liglil and on the Joslii effect. 


Current indicator = Oxide reclifiei type A. C. nticroammetcr. Frequency of the 
A. C. supply = 500 cycles/ sec. Applied potential = 0.5 kV. 

Tempt rat u re = 45 " . Tc inperat a re = 80 ® . 


Time. 

Id. 

/i. 

A/. 

% A/. 

Id. 

ih. 

Ai 

% A/. 

0 mill. 

40.0 

39*0 

I.O 

2-5 

F.0.5 

47-5 

3-^> 

5 9 

10 

42.0 

41.0 

I.O 

2.3 

53 5 

50 5 

3.” 

5-6 

20 

46.5 

45'5 

I.O 

2.1 

62.0 

58.5 

3-5 

5.6 

30 

48.5 

47-5 

I 0 

..’.0 

Si 0 

78 0 

3-0 

3 7 

40 

51.0 

50 0 

I.O 

1.9 

86.5 

00 

2 5 

2.9 

50 

530 

52.0 

I.O • 

1.8 

91.0 

89.5 

2.5 

2.7 

60 

57.0 

56.0 

I.O 

1.7 

88.0 

85.5 

2.5 

2.8 

70 

470 

46,0 

1.0 

2.1 

76.0 

73.5 

2.5 

3-2 

80 

38.5 

37*5 

1.0 

2.8 

65,0 

63.0 

2.0 

3-0 

90 

35-0 

34.0 

I.O 

2.Q 

^.0 

58.0 

2.0 

3-3 


The time variation of the associated Joshi effect, an instantaneous and reversible 
photo-variation At of the discharge current t, in iodine vapour was observed at a series 
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of temperatures under normal couditiou by allowing the system to age under the dis- 
charge at a constant exciting potential V. 

The source of irradiation consisted of two 220 volt — 200 Watt incandescent (glass) 
bulbs. The discharge current in dark iiu) and that under irradiation {k) were measured 
at different time intervals during ageing. From this the net Joshi effect (io-ii -Ai) 
and its corresponding relative value (100 Ai/io=%Ai) were calculated. Data in 
Table I {cf. Fig, 3) refer to only one grouj) of results obtained by exciting iodine vapour 
at 0.5 kV for 90 minutes at 45'' and 80^. 

D 1 S C U S SION 

The genciality of the rc-uUs, of which the data in h'ig. 1 are but typicil, suggests 
Ihfe follov\ing : 

(a) an increase in the conductivity of iodine vapour during the initial stage ; (6) 
its increti.se; (c) a periodic reveisa! ot i follow'ed by (t/) the attainment of a constant 
stage. Thus e.g., at 80^^ under normal condition, the initial value of / m iodine vapour 
excited at 0.5 kV was so.o/iA. This increased due to ageing to a maximum of 92.0 juA 
/. c. by about 80% in 6() minutes, and then deci cased to 64.0/4A (by 30%) in about 120 
ininule'=. A further prolongation of ageing developed one more reversal of i of, how- 
ever, a smaller amplitude till atter about 210 minutes of continuous exposure to 
discharge, / reached a statibnaiy stage coi resi)onding to 56.0/xA (cf. curve A, Pb’g. i). 
In the other series of oli'-ci vations in w Inch the system was preb.eated pi ior to the ex- 
posuK to dischuge foi 360 minutes at 80', 1 was initially 62. o/^A, It increased to 


FKj. I 



Time in minutes. 
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78.OMA (f. e. by about 25%) in go minutes and after 180 minutes of ageing it decreased 
to 72.0/iA (i,e. by 7%). On further continuation of ageing for 240 minutes, the 
current increased by about 5% to a constant maximum value viz., 76.0/^A (cf. curve A', 
Fig. i). 

Results for ‘ageing’ at go” with and without ‘preheating’ the system were on the 
whole similar to those mentioned above except that the amplitudes of current reversals 
were more pronounced and the initial and final values of i were larger by about 20% 
than those obtained at 80" (cf. cuives B and B', Fig. i). The time variation of i at 30® 
was much less pronounced and tended to the stationary stage after about 100 minutes 
of ageing under the discharge (cf. inset curve in Fig. i). Compared with earlier results 
obtained in the case of bromine vapour (Deshmiikh and Sirsikar, loc. cit.) excited under 
silent discharge undei conditions similar to those maintained in the present investiga- 
tion, it would appear that changes ih) and (d) are essentially common in the time 
variation of i in bromine and iodine. It is suggested that the observed decrease in htc 
conductivity i and the attainment of the stationary stage may be due to the formation 
and stabilisation under the discharge of an adsorption layer of iodine on the electrode 
(glass) walls, as postulated earlier in the case of bromine. It is, however, remarkable 
that the diminution in the conductivity of iodine vapour is preceded by a rapid in- 
crease of i during the initial stage of ageing. Furthermore, the current i does not 
reach the steady stage aftci its progressive diminution. The attainment of the stage 
(d) occurs through (c) i. e, a periodic reversal of i. The occurrence of (a) and (c) 
during the time variation of i in iodine vatiour constitutes therefore a feature not observ- 
ed in excited bromine. This alternating rise and fall in the conductivity, produced 
despite the constancy of the exciting conditions, is not consistent with the mechanism 
of reactions restricted to a homogeneous vapour.pha«e. It is therefore suggested that 
this periodic time variation of / in iodine vapour may be due to the occurrence of a com- 
plex heterogeneous reaction involving different phases with a characteristic time rate for 
theft formation and break-up under the discharge. 

At a given tempeiature the vapour pressure of iodine is much smaller than that 
of bromine. The condensibility of iodine vapour should therefore be more than that 
of bromine. It may be assumed that a surface layer of condensed iodine is formed 
primarily on the walls of the discharge tube. A partial desorption of this layer due 
to ionic bombardment during the initial stage of ageing, under the discharge, may 
lead to an increase in the concentration of the excited vapour phase and therefore to a 
corresponding rise in the conductivity, 1. 

The initial increase of i to a maximum and its diminution during ageing may also 
be attributed to the dissociation under the discharge of iodine vapour and its subsequent 
adsorption on the walls of the discharge tube. Thompson (Proc. Roy. Soc., 1887, 42 A, 
343) observed an appreciable and almost permanent increase of pressure during the ex- 
posure of iodine vapour to electric discharge. This he attributed to its dissociation 
under the discharge. 

According to Joshi*s equation {Curt. Sci.^ iQ47> 16# 19 ) the discharge current i in an 
ozoniser circuit should increase with the increase in any one or more of the quantities, 
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the conduction current //Rr;, the total wall capacity and the capacity associated 
with the gas phase Cp- Under the operative conditions adopted in the present investiga- 
tion, the mass of iodine vapour (and therefore the corresponding pressure and the 
thereshold potential, Vm) should increase with temperature and may not contribute to 
a rise in i/Rg- The gas capacity, C,, should vary synchronously with the pressure p ; 
an increase of i with p may therefore be anticipated. 

Furthermore, it is known that the conductivity of glass is affected markedly with 
temperature. Manning {Rev. Mod. Phys., 1940, 12, 215) found that the conductivity 
of solid dielectrics increases with temperature and that a rapid rise in i suggests an inci- 
pient dielectric breakdown. This has been fuither illustrated by the observations of 
Hippel and Maurer (Phys. Rev., 1941, 59, 820) on the temperature variation of the 
breakdown potential of silica in the crystalline and amorphous (glass) forms. Their 
results show that the breakdown strength (potential) of amorphous substances like glass 
decreases with temperature. Presumably, the breakdown potential is identifiable or 
related simply to the threshold potential, Vw At a given V the current 7 depends on 
V-V,„ (Joslii, Curr. Sci., IQ39, 8, 548 ; 1946, 15, 281). The increase in ?, observed at a 
constant V, may ' therefore be attributed to the decrease in the breakdown potential of 
the system with temperature. 

The time variation of i may result from a corresponding change in C,r, the total 
wall capacity of the system, due to adsorption of iodine and the formation of adsorption 
complexes on the walls of the discharge tube. During exhaustive work on the depen- 
dence of adsorption on the applied potential V, Bluh (Z. Physik, 1931, 107, 56, 369) 
found that adsorption increased if the applied V exceeded a critical value. It may be 
suggested that ageing of the system, under the discharge, at a constant V also facilitates 
the process of adsorption and that the extent of adsorption may increase with the dura- 
tion of ageing. It is known that the melting point of the adsorbate is lower than that 
of the bulk substance. Deiiiougin iCompt. iratf , 1935, 200, 662) studied the satura- 
tion adsorption of iodine on various charcoals and on silica gel at temperatures above 
and below^ the melting point of iodine and showed that the amounts adsorbed were the 
same at 128®, 100® 60° and 17®. Remarkably enough, the ratio of the weights of 
iodine to the weight of ether adsorbed at saturation varied only from 5.0 to 5.3 for each 
of the seven adsorbents used. The ratio of the densities of liquid iodine and ether 
is 5.4, whereas that of solid iodine and liquid ether is 6.7. The adsorbed iodine 
simulated the liquid stage even 97 degrees below the normal melting point. Patrick 
and Land (/. Phys. Chem., 1934, 38, 1201) found no evidence of a melting point down 
to 70° i. e. even 44 degrees below the bulk melting point. This suggests that the 
primary adsorption layer of iodine formed during the initial stage of ageing is in the 
form of a surface film of semi-liquid iodine. This may react under the discharge 
with the glass walls of the discharge tube and lead to the formation of adsorption 
complexes with sodium iodide or/and iodate. Luedeking (Chem. News, 1890, 61, 
i) observed that the (glass) walls of the discharge tube were chiefly responsible for 
the absorption of iodine vapour sparked^ between platinum electrodes. He attributed 
the adsorption to the formation of sodium iodide or /and iodate- 
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From Maxwell’s relation = data (Hodgman^ ''Handbook of Chemistry & 
Physics”, Chemical Rubber Publishing Co , aSth Edition, 1944, pp. 2138, 2141, 2145) 
for the refractive index of glass, iodine and sodium iodide being 1.6, 3.36 and 1.77 
respectively) show that the dielectric constant of iodine and sodium iodide is greater 
than that of glass. Since the effective wall capacity C,f increases with /v, the adsorp- 
tion of iodine and the formation of sodium iodide on the walls of the discharge tube 
should contribute to a rise in the conductivity, 7. 

Ooetz (Phy^. Rcv.^ 1929, 33 , 373) observed that the thermionic work function of 
the metals Cu, Ag and An changed sharply in passing through the melting point and 
that the work function is larger for the phase of greater density of smaller atomic 
separation. Since /a for the glass, bromine and sodium bromide is about 1.6, the di- 
electric constant K and the corresponding wall capacity C,r should not change appreci- 
ably due to the adsorption of bromine and the formation of sodium bromide due to 
ageing. The density of sodium bromide is, however, greater than that of condensed 
bromine (Hodgman, loc cit , pp. 357, 456) A surface film of NaBr, formed during 
ageing under the discharge, would increase the work function at the boundary layer. 
The decrease in the conductivity 7, obseived in excited bromine (Deshmukh and t^irsikar, 
loc. cit.)f should therefore follow. On the other hand, the density of liquid iodine and 
Nal is less than that of solid iodine (Hodgman, loc cii., pp. 302, 460) ; the formation of 
an adsorption layer of semi-Jiquid iodine or/and Nal under the dischaigc may reduce 
the W’ork function at the electrode siirlace and lead to the observed increase in /. The 
conductivity may increase to a iiiaximum till the elcctiode surface (s) is covered com- 
pletely with the primary adsorption layci of iodine or /and Nal. Further adsoiption 
of iodine on the surface of the primary layei, during prolonged ageing of the system 
under the discharge, may decrease the work ^ function and reduce i as olTserved. 
Baedekar (Ann. Physik, 1907, 23 , 756,; 1909, 29 , 566) reported a marked increase in 
the con uctivity of cuprous iodide mixed with an excess of iodine. This was not due 
to the internal adsorption of the electi opositivc atoms able to emit theii valence elec- 
trons but to the taking up of an electronegative element. Tubandt (Z. anoig. Chenu, 
1920, 110, 234) extended these observations 10 other cuprous halides and showed that 
their conductivity also increased by the adsoiption of an excess of halogen. Other 
electronegative elements like sulphur and oxygen, when added to certain sulphides and 
oxides, enhanced the conductivity appreciably ; the influence on the conductivity of 
cuprous oxide by the taking up of oxygen has been especially studied thoroughly by 
many investigators. According to Wagner (Phys. Z-, 1931^ 32 , 641) the excess electro- 
negative element in the lattice forms excess negative ions so that just as many of the 
positive ions must carry a higher charge. Thus in the case of cuprous iodide, extra 
1“ ions are formed in the lattice and an equally** large number of Cu^^ ions. These 
are responsible for the electronic conduction. They are one electron shdrt and capture 
an electron from a Cu"*^ ion which in turn is transformed into a ion characteristic 
of the 'defect conduction’. It is interesting to note, however, that With an increased 
concentration of electronegative element, the conductivity decieases at high temperatures. 
This has been observed in the case of Cul, CuaO and also in some semi-conductOrs like 
AgaO which are provided with an extra amount of electropositive eKtnent (Boer, Cheni^ 
Weekblad, 1935, 106). 



VARIATION or DISCHARGK CURRENT AND JOSlll EFEKCT 


185 


Joshi (Curt. Sci., 1946, 16 , 281) has emphasised the significance of the data for Ihc 
time variation of i as a means of elucidating the course of a discharge reaction, esi)ecially 
when the determination of the change of gas pressure and a time to time analysis of 
the products of reaction are not feasible. He has attributed the time variation in I he 
conductivity i to a change in the intensity of the field at the electrode surface or/and 
to the formation of the products of reaction of Mimilcd life*. According to him the 
surface activity of some of the reaction products may lead to the formatiofi of an 
adsorption-like electrode layer. A capacitative change resulting from the formation 
of this layer would affect the conductivity i of the system. The periodic variation of t 
may be associated with an interm;ttent sorption and desorption of the above layer or/ 
and the formation and decomposition under the discharge of unstable intermediate 
products of reaction at the surface. The production, at a constant applied V and 
temperature, of a spontaneous and long sustained ‘periodic effect’ during the decom- 
position of nitrogen dioxide (Joshi, Proc. Indian Sci. Cong., 1943, Part 11 , pp. 70-75) 
and in the NjO — II2 (Joshi and Deshmukh, Nature, 1945, 186 , 483; and S — (Desh- 
mukh and Sirsikar, unpublished data) reactions under silent discharge are explicable 
with the above mechanism. On this view the reversal of i during the later part of 
‘ageing’, indicative of a like variation in C,i and C,,, may be attributed to the partial 
desorption of the adsorbed layer of iodine or/and the surface decomposition of un- 
stable adsorption complexes with Nal or/and NalOi- It may be emphasised that a 
sensibly large lisc in the conductivity has been observed in these laboratories during 
the decomposition, under the discharge, of an annular film of KL in vacuum. 

The attainment of the stationary stage in the conductivity may be envisaged as the 
stabilisation of the adsorption layer under the influence of the applied fields. It is very 
likely that the dissociation of iodine vapour and the conductivity of glass are enhanced 
as a result of preheating the system at high temperatures. This preheating is not 
favourable to the formation of a btable adsorption layer. The value of i ib therefore 
large, but the amplitudes of current fluctuations are compaiatively much less pronounced 
than those observed under normal conditions. 

The thermal effects, mentioned above, leading to the increase of i in a solid phase 
are low at ordinary temi>crature. Por this reason, and also since the vapour pressure 
of iodine is but small (0.47 mm.) at 30% the smaller value of /, as observed, follows. 
The compaiatively even chaiacter of the coi responding cm lent — time curve (cf. inset 
curve in Pig. i) may therefore be associated with the gieater stability of the adsorption 
layer due to moderately low temperature. 

Pig. 2 shows the influence of ‘rest peiiod’ of different durations on the vaiiation of 
t in iodine vapour, aged under the discharge at 0.5 kV with and without preheating 
the system at 90®. 

It is seen that under normal conditions i reaches the stationary stage of so.o/aA in 
about 210 minutes and remains sensibly steady on further prolongation of ageing for 
330 minutes. The dischaige was discontinued at this stage and was restarted after a 
rest period of 30 minutes. It is interesting to note that after the rest period the 
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current was unbloacly and reached the stationary stage on the continuation of ageing 
for about 6u niiuiiles. A scries of successive rest periods of 40, 180, 240 and 72c 

Fig. 2 



minutes’ duration were employed after t was stabilised previously due to ageing. 
It is significant to observe that as a result of discontinuation of the discharge during 
the rest period the discharge current decreases by about 10 to 20% and tends to a 
steady stage only aftci prolonged ageing. The^rcsults obtained after preheating the 
system at 90' for 300 minutes and employing different durations of rest period are 
similar to those mentioned above ; the amplitude of current variation is, however, less 
pronounced and i is larger by about 40% than that obseived under normal condition 
(cf. Fig. 2). 

It is suggested that the stabilisation of the adsorption layer due to the adsoiplion- 
desorption equilibrium, produced under prolonged ageing of the system under the 
discharge, leads to the stage of steady conductance. In the absence of the elccliical 
field (i.e during the rest period) this equilibrium is shifted so as to favour adsorption ; 
this may reduce the conductivity 1 as observed. A paitial desorption of the adsorption 
layer due to the ionic bombardment after the rest period should reduce the work 
function at the boundaiy layer and increase and C<;. A corresponding rise in * 

should therefore follow. 

Earlier results in the case of bromine vapour (Deshuiukh and Sirsikar, loc. cli.) 
showed that i increased partially or fully to its initial value after a given rest period. 
This was ascribedi in part, to the desorption of the adsorbed vapour. It is instructive 
to consider the influence of external factors, especially temperature, on the behaviour 
of surface films. The nature of the surface of the adsorbent is altered by heating. 
The process of increasing the surface is called activation, that of decreasing It beat 
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is leiiuud as ‘sinteiing’. 'Kvery adsurbeat siuters if heated to high enough tempera- 
tures’ (Bruuaucr, “Physical Adsorption of Gases and Vapours”, Oxford, 1943, p. 357). 
This is attributed to the growth of the particle size due either to changes in the physical 
or chemical nature of the surface. Boer and Dippel, {Z. physikal. Chem., 

198) observed the marked suitability of thin transparent films of inorganic salts, obtain- 
ed by sublimation in a Iiigh vacuum, for the study of the absorption of light by matter 
in the adsorbed state. The adsorption of iodine on one of these salt filriis (e. g. 
calcium fluoride) gives only a monomolccular covering. The fact that the colour of 
adsorbed iodine can still be seen is due to the laminary stiucture of the salt film 
whereby many monomolecular layers of adsorbed iodine lie one behind the other in 
the path of light (Boer, physikal- Chem , 1032, B15, 300). By heating at tempera- 
tures between 150° and 350° a decrease in the surface of the salt film takes place due 
to sintering. During the process the film remains clear ; the laminae merely become 
firmly attached to each other so that the interlaminary sin face is considerably decreased 
and a number of active spots di.sappears. In the adsorption of iodine the amount 
adsorbed is very much decreased and the number of active spots that have disappeared 
IS large compared to the decrease in the total surface. The forces which hold the 
surfaces of the laminae together after sinteiiug are considerably weaker than those 
which act within the salt lattice. Molciules and atoms which arc especially strongly 
adsorbed abrogate the effect of sintering. Thus the film of calcium fluoride sintered at 
temperatures not higher than 350” is completely broken up by the adsorption of caesium 
and the original value of the adsorption of iodine can be measured (Boer and Dippel, 
( hem. W eekblad, i933> 30, 78, 221). 

Compared with the films of calcium or barium halides, the layers of alkali halides 
are more easily sintered. A film of sodium bromide sinters gradually even at ordinary 
room temperature. In this case the oi»ening of the film is also easier ; the adsorption 
of iodine leads to the opening of the sintered film of NaBr (Boer, “Klectron ^mission 
and Adsorption Phenomena”, Cambridge, 1935, P- i 38 ). The initial decrease in the 
conductivity i of excited bromine has been attributed to the adsoriition of bromine 
vapour on the walls of the discharge tube. It is likely that a surface film of sodium 
bromide is formed under the discharge due to the interaction of the adsorbed vapour 
and the electrode (glass) walls. A gradual sintering of this layer during the rest 
period may lead to a ris2 in the concentration of the active vapour phase and there- 
fore to a corresponding increase in the % restoration of 1 with the duiation of the 
rest period. The decrease of 1, as observed in the present investigation, after each 
successive rest period, suggests that unlike bromine or /and NaBr the adsorption layer 
of iodine and Nal, formed duiing ageing of iodine vapour under the discharge, is com- 
paratively stable. The relative stability of NaBr and Nal, as judged by the data 
for their thermal decomposition, however, shows that the former is more stable than 
the latter. That, this perhaps may not be the only criterion for determining the 
stability of the componnds, especially in the adsorbed state, is suggested by the observa- 
tion that the adsorbed film of NaBr sinters even at the ordinary room temperature. 
Furthermore, the abrogation of the sintered layer of NaBr by the adsorption of iodine 
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supports the assutiiptiou that the surface film of Nal may be more stable than that 
of NaBr. 

In the absence of the exciting field the adsori^tion layer of iodine or/and Nal may 
cataly^ the recombination of the iodine atoms and lead to an increase in the threshold 
potential^ Vm or/ and decrease the effective capacity of the annular walls. This may 
reduce the conductivity f due to the rest peiiod. 

Accoiding to Joshi’s theory {Proc. Indian Sci, Coni:,, ig^ 6 , Part 111 , Phys, Sec., 
Abst. No. 26) an adsorption like boundary layer, formed from the wall adsorption of 
the ions and molecules of the excited gas, is the chief seat of Pliotoelectrons 
emitted from this layer due to external iriadiation are captured by the excited gas particles 
to give slow moving negative ions and produce the photodiminulion A/ as a si)acc 
charge effect. Since the probability of electron capture by a particle depends on P/H, 
where P is the pressure and K, the electrical field, the favourable effect of P at constant 
E on the magnitude of Ai follows. Results in Table I (cf. Fig. 3) show tliat the dis- 
charge current in the dark (i’d) increases initially, reaches a maximum and then decreases 
as a result of ageing the system under the discharge at 0.5 kV. The curve for /l in 
Fig. 3 does not, however, represent the time variation of i under light. The points 


Fig. 3 

Ageing influence on conductivity in dark & light and on the Joshi effect. 



on the line denote the values obtained for i when the system is irradiated for 30 
seconds at different intervals during ageing. The net Joshi effect Af is sensibly 
constant at low temperatures but varies periodically and synchronously with i at com- 
paratively high temperatures. Thus e. g., at 80® and 0.5 kV, i increased by 15% in 
13 minutes of exposure to discharge and decreased by about 45% on further continua- 
tion of ageing for 90 minutes (cf. Table I), The relative effect, %Ai, decreased initially 
to a minimum and increased again when i and Ai were decreasing. The initial increase 
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of i has been attributed, in part, to the desorption of iodine vapour adsorbed primarily 
on the walls of the discharge tube. Since />, and theieforc C,, increases during desorp- 
tion, a corresponding rise in i and At should ensue. The variation in p is less pro- 
nounced at low temperatures due to the gi eater stability of the adsorption layer. The net 
Joshi effect At is therefore sensibly constant at 45° (ct. Table 1 and Fig. 3). The above 
suggestion can only be a partial explanation since the variation in i and At is far larger 
than the conesponding changes in p and C, due to desorption. Previous results in 
the case of chlorine ^Joshi and Deo, Nature, 1944, 154 , 343) showed that, within limits, 
the relative Joshi effect %A) increases fiom a low value to almost 93% current diminu- 
tion under light with p. It is also remarkable that a practically 100% Joshi effect 
occuis in Hg vapours excited under topler vacuum (0.00T138 mm. Hg). Similarly the 
Joshi effect, as large as 60% to 70%, has lieen observed in sulpluu and selenium vapour 
(vapour pressure being 0.0003 o 0008 mm. at 49® and 193'' respectively). This 
suggests that compared with changes in p, the nature and behaviour of the adsorption- 
like boundaiy layei is a moie important deteiminant of the magnitude of A/. The 
formation of the primary adsorption layer of iodine or/and Nal and the resultant 
change in the density of the adsorbed phase may reduce the work function at the 
boundary layer. The total wall capacity, C„, and therefore i and A/ should increase as a 
consequence. The increased adsorption of iodine and the growth of secondary adsorp- 
tion layers due to the prolonged ageing should reduce />, C„, C„aud increase the work 
function at the electrode suiface. This may lead to a corresponding reduction in 1 and 
Ai as obscived. Studies ot the potential levcrsibilily of the Joshi effect, A/, in iodine 
vapour (Deshmukh, loc cit.) have shown that its magnitude and even sign is affected 
by but a small change in the applied V, and that the production of the positive Joshi 
effect -I- Ai is favoured by high tcmperatuie and loro applied potential. In the present 
series of experiments, the negative Joshi effect -A/ has been obseived in iodine vapour 
excited at 0 5 kV at 90". It may be assumed that excitation of the system at the above 
potential facilitates the formation of slow moving negative 10ns and masks the positive 
effect + A}. 

In conclusion, the author wishes to e.\press his grateful thanks to Prof. S. S. Joshi 
for his keen interest and valuable guidance during the work. 
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vSTUDIKS OF JOSHI EFFECT IN HYDROGEN 
By K. S. ViSVANATHAN 

Prodiiclion of the Joshi effect in Hj under ozoniser excitation has been studied in respect of . (/) gas 
pressure 120-200 mm.). Hi) temperature (i 5 *“. 55 *). frequency and intcnsit> of incident light, {iv) appli- 
ed potential (0.67-2.13 kV), [v) frequency of A. C. supply, and (vi) ageing. Undei favourable condi- 
tions, the svstem sIioms Joshi effect of as much as 50% current diminution under but visible light. 
As generalised by Joshi, the relative Joshi effect, -%Ai, is (numericallv) maximum at Vw,, the threshold 
potential ana decreases thereafter. Gas pressure shous a limiting influence. Increase of (/f) and (t;) 
decreases, while that of (///) increases the c//ccf. Moderate ‘ageing’ iindei the discharge due to a high 
potential, followed bv allowing the system to stand over for limited periods, enhances the effect. 
Rvidence has been adduced to show that the Joshi effect is not a consequence of selective absorption, nor 
due to destruction of metastablc atoms under irradiation* These findings are in accord with Jo^hi's 
general theory of the phenomenon. 

The discovery of the Joshi effect is the outcome of a programme of research initiated 
in the chemical laboratories of the Beiiaies Hindu University on the study of the behaviour 
of gases, elemental and compound, when subjected to silent and other type of electrical 
discharge (Joshi, Curr, Sci., iQjg, 8, 548; Joshi and Narasinihan, ibid,, IQ40, 9, 536; Joshi, 
Proc, Indian Sci. Cong., 1Q43, Part II, pp. 70-75). The general finding of Joshi s that 
( 1 ) a gas is characterised by a minimum tlireshold potential, V,,, at/near which it breaks 
do\\n as a dielectric and shows a sudden increase in conductivity (Joshi, Naftire, 1944, 
184, 147), ( a ) that in a compound gas, a reaction is induced only when the applied 
potential equals or exceeds {loc. cit.), and (iU) that irradiation of the reaction vessel, 
which is an all-glass Siemens’ ozoniser or a semi-ozoniser of wire-in-cylinder type, 
results in a rise in Vm of the system, led Joshi to the anticipation and discovery of the 
Joshi effect, viz., that 1 , the discharge current at a definite applied potential, show's an 
instantaneous and reversible vaiiation (usually a decrease), Af on irradiation (Joshi, 
Proc. Ind. Acad, Sci., i945» 22A, 389). Most of the early work was confined to CI 2 
in which the effect was first obseived and in which it was considerable, being as much 
as 93-95% of i under optimum conditions (Joshi and Deo, Nature, 1944, 188, 434). 
Subsequent investigation of other systems has led to the belief that the effect is considerable 
in the other halogens also, and is in the order : Cl 2 >Br 2 >l 2 and that it is practically 
negligible in other gases such as Hj, Ns, air, etc. (Joshi and Deshmukli, Natarc, 1941, 
147, 806) and metallic vapours such as Hg. 

Recent work with improved technique as regards'eurrent detection and measurement, 
which has resulted in the use of sensitive galvanometers actuated by metal oxide recti- 
fiers or thermionic valves of different types, and th^ careful examination of the influence 
of a number of factors, which controfand determine the magnitude of the Joshi effect, 
(vide infra) have revealed .the occurrence of the effect toa marked extent in almost all 
gases, both elemental and compound, and metaljic vapours, e.g., 0*, HCI, NOa, air, SOj, 
H*, water vapour, NHa, Hg, Na, K, S, Se, As, etc. From a stud)' of the nature and magni- 
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tude of the Joshi effect in the haIo^>ciis and other gases, and its dependence on a 
uuinber of electrical factors and the nature of irradiation etc., Joshi has advanced a 
theory for the phenonienou {Proc. Indian Set^ Cong., 1946, Phys- Sec., Abst. No. 25 ; 
Curt. Set., i 947> JQ)- The theory contemplates a close connection between the 
Joshi effect and the ^electron affinity' of the gas, v\liich is one of its chief deteiniinants. 
Whilst then the occurrence of a pionounccd Joshi effect in the halogens, which possess 
a large electron affinity (3.22 to 3.70 c. v ), is easily understood, contrary to the preliminary 
results, an appreciabl ' Joshi effect also in TI^ is to be anticipated since its electron 
affinity, 0.76 e.v , is not inconsiderable (Massey, ‘'Negative Ions", The Cambiidge Physical 
Tracts, 1938 ; Glocklei, Phys. Rev , 1934, in). 

Preliminary work by the author iVisvanathan and Raghavan, Pu^c Ind. Acad- Sci., 
IQ47, 29A, ()S) on Hj under silent electric disc'harge at 500 cycles frequency has indicated 
that the gas shows no Joshi effect at picssuics less than 252 mm., while at 252 mm. it gives 
a positive effect of 400% just below V,«. While the fush gas at 50 mm. shows no Joshi 
effect, ‘ageing’ at an ajqdied i>otcntial ol 040 kV for different periods pi oduces first 
the negative effect of small magnitude, about 5% decrease of the dischaigc current in 
the daik , as the time of ageing incieases, the system develoi)S laiger and larger 
positive efjeci which ultimately reaches the high value of about tS limes the photoincrease 
of the discharge current. Admixture of II^ with Bio which taken alone gives a marked 
negative Joshi effect, which is to anticipated fiom its large electron affinity, modifies 
the behavioui of Br^ so that the gieaUr the an onnt of in the mixture, the larger is 
the positive effect observed. 

In view ol the above iiiteicsling behavioui ol ‘aged’ and of admixed IIj with regaid 
to the pioduction of the Joshi effect, it was thought desii able to study tompiehensively 
the production of the phenomenon in pure with a caieful appraisal of the influence 
of the various factois which affect it vi/.. (/) applied potential and gas piessurc, (/i) 
ageing of the system and frequency of the A. C supply, (lii) intensity and (iv) fiequency 
of the incident light, and t) temperatuie, for which theie is no infoimation in the 
litei.iture on the subject except the preliininaiy communication by the author. Since 
increase of frequency of the A. C. supply is found to reduce the magnitude of the Joshi 
effect (Joshi, Curr. Sa,, 1945, 14, 67), alternating cuirent of 50 cycles per second has been 
employed in the present investigation as against 500 cycles used earlier. 

Experimental 

The apparatus (Fig. i) consists essentially of three parts, viz., (/) arrangement 
for the electrolytic preparation, drying and stoiage of Ho; (h) discharge tube and 
electrical connections, and (Hi) arrangement for the irradiation of the ozoniser. Since 
the apparatus is essentially the same as described in some of the previous publications 
on the Joshi effect, its full description is not given here. Only impoitant points in which 
the present set-up of the apparatus differs from the others are mentioned. 

Preparation and Storage of the Gas- — A saturated solution of barium peroxide 
(Merck, ex, pure) was prepared with COa-free water and electrolysed in a U tube A 
5— i7ajP— 4 
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one limb of which containing the negative electrode at which Ha was evolved, being 
about twice as long as the other. The electrodes were of platinum foils and the current 
was adjusted so as to give a slow evolution of Ha and The gas was led through 
drying tubes B containing fused CaClo and P2O5 and stored in the gas holder, C\ 

Discharge Tube and Electrical Connections . — An all-glass Siemens* ozoniser was 
used as the discharge vessel. Single phase alternating potentials of frequency of 50 cycles 
per second, obtained from a rotary conveitei worked off the 220-volt D. C. mains, were 
stepped up by means of a transformer and maintained at the desired value by regulation 
of the external resistance, of the i>riniary circuit. One terminal of the transformer 
was earthed, while the other, the high tension terminal, was connected to the inner 
electrode of the ozoniser. The circuit was completed by connecting the outer electrode 
to earth through the currcnt-measuiing device, viz , a metal oxide rectifier and a 
sensitive mirror glavanometer provided with a shunt of non-inductive resistance made 
of straight silver wire. The deflexions of the galvanometer, as a measure of the dis- 
charge current, were read from a scale bent in the fonii of an arc of radius of about one 
meter from the galvanometer. 


Fig. I 



Irradiation of the Ozoniser —The ozoniser was irradiated by a system of two 
200-Watt and one 80-Watt bulbs which were connected m series with a resistance by the 
adjustment of which a constant potential Of 180 volts was applied to the bulbs in order 
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to maintain the intensity of illiiiiiiiiation constant. The bulb? were enclosed in a wooden 
box, the side facing the ozoniser being of the nature of a shutter ; the ozoniser could 
thus be iiradiated or kept in dark as dcsiied. 

InjlucHLC of At^plicd Volenlial and Gas ricssurc 

flj was inlrodiiced into the ozoniser at a pressure of 200 nun. and exposed to a very 
low applied potential which v\as raised gradually to higher values. The current in the 
earlier stages, as measured by the milliainiiieler and the deflexion of the galvanometer, 
was very small, almost negligible. When the applied potential reached a critical value 
viz., the thicsliold potential, there was a sudden, large increase in the current and 

the gas began to glow* faintly. Irradiation of the ozoniser containing the gas produced 
no change in the current at potentials less than V,,,, while at n>, the discharge current 
in the daik, showed an instantaneous and reversible decrease to /l . the current under 
irradiation. The above observations are in line with those reported from these labora- 
tories (Joshi, Nature, 1944, M 7 ; Cut). Sci., 1944, 13 , 253, 278 ; Proc. 

Jnd, Acad. Sci, 1945, 22 A, 225). The net Joshi effect, A/ (= — /d) and the relative 
Joshi effect, %Ai( =iooA///„) have been calculated. In general, the discharge cut lent 
ranged between o.oi and 0.3 milliamp. foi the range of applied potentials studied. Since 
it was not possible to measure accurately the current changes, esiiecially at low poten- 
tials, owing to limitations of the available inilliammeter, /i,, /, and hence A? were measur- 
ed in terms of Ihe deflexions of the galvanometei , from which the relative Joshi effect, 
%A/, has been calculated. In the present investigation, gave only the negative 
effect, -A/ and — %A/ and for purposes of comparison their numerical values alone have 
been employed. 

The variation of the Joshi effect with the piessure of the gas was studied by abstract- 
ing fioin the ozoniser hydrogen till the pressure was 1 educed to the next required value 
viz., 150 mm. at which pressure the potential variation of the Joshi effect was again 
studied. Thus, the different pressures at which such studies were made wcie obtained 
by pumping out part of the gas in stages till a pressure of 15 min. was reached. The 
piessurcs thus studied are 200, 150, 124, 108, 90, 80, 70, 60,50, 40, 30 and 20 mm. The 
results are given in Table I. 


Tabi.u I 



Potential vaiialion 

oj ft tall VC Jobln 

cfjttl, 

%A(, III 

hydrogen. 



= 200 mill 


= 150111111. It 


124 null. 

I’n, 

= 1(^8 nun, 

kV. 

-% Ac 

kV. 

-%A/. 

kV. 

“%Ai. 

kV. 

-%A/. 

1 34 

95 

I 07 

15.8 

1.07 

20 5 

0.67 

22 8 

1.60 

1.7 

1.34 

6.1 

1.34 

7.8 

1.07 

22.1 

J 8y 

0-5 

I 60 


i.lfo 

2.4 

1 34 

13.4 



1.87 

0.5 

1.87 

t .4 

r.6f) 

6 0 


i .«7 3.4 
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Tabi^e I (contd.) 


(f) 


= 80 nun 

(8') %=: 

70 null 


= 60 mni. 

<1 

1 

> 

kV 

-%A/ 

kV 

-% Al . 

kV. 

-%A/.' 

0.67 19 cS 

0 67 
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0.67 

23.8 

0 54 

38.7 

1.07 14-5 

1.07 

12.0 

1 07 

-•2.3 

0 67 
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I 34 «.9 

1 34 

8.3 

1-34 
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1.07 

14 6 

i.6t) 6.3 
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kV -%A/. 

kV. 

-% A/ 

kV. 
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kV 
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0.54 31 6 

u 54 

5‘j 0 

54 

48 4 

0.51 
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0.67 26.3 

0.67 

34 5 

0 07 
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0 07 

1-7 

1 07 12. s 

1 07 

10 9 

1 07 

9 9 

1 07 

0 

1-31 7.1 

1 31 

7 2 

1.34 

5 I 

1-34 

0 

I At) 3.7 

1 .60 

3 0 

1.60 

2 6 



It is wsecn from 

Tabic I 

that for 

any paiticiilar 

pressure 

of the gas, 

the relative 

effect, %A/, is (numerically) 

maxim um 

1 at the lowest potential indicated vi/. 

the thres- 


hold poteiilial, Vm and decreases as the potential increases. This characteristic beha- 
viour of the relative Joshi effect has been observed in numerous other systems as well 
(Joshi, Proc. fnd. Acad, Set., 19/^5, 22 A, 389). 

The vaiiatioii of %^i with the pressure of the gas may be illustiatcd by the follow- 
ing readings. 



I’rcjj.surt 

(111111 ) . 

2(HJ 

150 

I2| 

lob 

90 

8 u 

70 


50 

40 

3u 

20 

At 

1-34 kV, 

/oA/ 

9-5 

0 8 

7.8 

13.4 

8.9 

8.3 

6.9 

6.8 

7.4 

7-2 

5 1 

c 

At 

1.60 kV, 

"oA/ : 

1.7 

1.7 

2.4 

O.o 

0.3 

4-5 

4.2 

4 O 

3.7 

3-0 

2.6 

0 


While inaxiiiiuiii cf/ect is obtained at 108 mm. of the gas at both the ai)plied poten- 
tials, the influence of the latter is brought out by the fact that is less at 1.60 kV 
than at 1.34 kV at all pressuies. Below a pressure of 30 mm. the gas shows no Joshi 
effect. 

Instead of comparing ihc values of %Ai at any arbitrary aiiplied potential, they, in 
accordance with the concept of ‘ corresponding potentials ’ developed by the author 
in his paper on Joshi effect in air (unpublished), are compared at the threshold potential, 
Vm of the various pressures ; the results stand out more significantly. Thus, 

Pressure of Hj : 200 150 124 108 90 80 70 60 50 40 30 20 

f at V»;9.5 15.8 20.5 22.8 19.8 20.6 23.8 38.7 31.6 50.0 48.4 24.a 
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The limiting effect of pressure on %At is clear fioin the above figures. 

It may be recalled that in the above series of expcjiinents, Hj was taken at the 
maximum pressuie of 200 mm. and the subsequent piessures were obtained by pumping 
out part of the gas. As the lower pressures were being reached, a certain amount of 
ageing of the gas under dischaige might have occuired and the behaviour of this 
aged gas might be different from that of a fresh sample of the gas. To investigate 
this possibility, the potential variation of the Joslii effect at different pressures was 
determined again, using a different procedure 111 the following experiments. 

Hj was taken at a low^ pressuie viz., 30 mm. and the potential variation of the Joshi 
effect carried out. Fresh gas was now admitted till tlie pressure rose to the next required 
value, viz., 45 mm. In this wa> the potential vaiiation of %Ai was studied at each 
pressure which was increased in the above manner by admitting additional fresh gas 
from a given stock of the purified gas. The results are indicated in Table 11. 

Table H 


Potential variation of relative Joshi effect ^ — %At, in hydrogen. 
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It is striking, in general, to note the very low values of %Ai in this series of ex- 
periments. It was observed tlial Vn, of the system was not as sharp as in the previous 
series of experiments, and what is more, for a particular pressure, %Ai unlike in the 
previous series of cx])eriniems shows Its maximum value not at/near Vm but at some 
intermediate potential above which it decreases. It should be remembered that in this 
series of experiments the gas is actually a mixture of aged gas, i.e., gas already 
subjected to exciting potentials for various periods, and fresh gas, while in the pievious 
case it was pure (though aged) in that it was of one sample taken. It would then 
appear that while a ‘ pure ’ gas has a sharp V„, at which the negative Joshi effect is 
maximum, a mixture of gases is not characterised by a sharp Vm and %Ai starts from 
low values to reach a maximum and then declines, a.', the applied potential is continuously 
increased. The above deduction is borne out by results obtained for the Joshi effect 
in a mixture of Br^ and Clj by Visvanathau and Raghavaii (/oc. ti/.). Below are given 
the maximum values of % At obscived at each pressure with the con esponding applied 
potential. 


Pressure (iimi ) : 

30 

45 

60 

70 

90 

100 

120 

150 

200 

22 ‘ 

kV : 

I.OI 

I 07 

I.U7 

1.23 ? 

I u7 
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I 07 

1.28 

J.71 


Max. % Ai 

I 2 

1.8 

41-9 

43 6 

4-’.3 

2 M 

3 y-<^ 

7.1 

.)8 

0 


It is seen in tlie above case tliat though the values of kV quoted do not icqaesent 
Vm of the system, tlic limiting effect of the iiressnre on the magnitude of the Joshi effect 
persists. The abrupt rise in the effect fiom i.t>% at 45 mm. to 44.9% at 60 nini. is 
striking and is under further detailed investigation. 

Influence of Agcinq on the Joshi Effect 

Results in the previous Section indicate a larger Joshi effect in the case of the 
aged gas than in a mixture of aged and fresh gas. It would then appear that 
ageing brings about an increase in the magnitude of the effect. The following experi- 
ments were designed to verify the above conclusion. 

Ha at a pressure of So mm. was aged i.t., exposed to an applied potential of 5.5 
kV, which was well above Vm of the system, for an hour. The discharge was stopped 
and immediately the potential variation of the system was studied- The gas was then 
allowed to stand for a short interval (3 hours) when another set of readings for the 
potential variation of the effect taken. Such sets of readings were taken at the end of 
various intervals for which the gas was allowed to stand. Now' the pressure of the 
gas was lowered to the next desired value, viz., 7© mm. and the above series of experi- 
ments repeated. The data thus obtained are reported in Table III and shown graphi- 
cally in Fig. 2. 

It is observed in general that ageing the gas under a large applied potential reduces 
the magnitude of the Joshi effect. On allowing the gas to stand for a few hours, it 
recovers from the effect of ageing and shows a larger Joshi effect. Thus for example, 
at a pressure of 80 mm. fresh Ha gives a inaximutn Joshi effect of 20.6% (cf. Table 1 ). 
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Tabi^e III 

Influence of ageing on the relative Joshi effect in hydrogen, 

(rt) Pressure of H2 = 8o nini. (/>) Pressure of H2-70 nun (c) Pressure of = 


^ _%A/ -> 



After After 

Attei 

At 

500 

Aftei 

Soon 

\t 

Soo 

Aftci 

\ftci 

Soon 

After 

After 

After 

After 


ageing /\ 

1 his 

18 hrs 

eveks 

24 hrs 

after 

i vcies 

ag( mg 

lb 

after 

5 hrs 

ageing 

12 

ageing 

kV. 

for T hr 



■ fre- 


prc\ 1- 

fre- 

for I 

hrs. 

previ- 


for I 

hrs. 

for 2 


at 



qnencN 


ons 

(jiieiK \ 

hr. .It 


ous 


hr at 


hrs. 


5 5 kV. 






stiuU 



5.5 i^v 


studs 


5 5 hV. 



0 67 

14.8 

2 S 0 

25 f) 

rr 

m 

ID 

0 

22 s 

IQ 

-f 

0 

ri 

iS 0 

18 s 

19 S 

20 0 

20 0 

27.1 

>07 

i) 81 ) 

II 7 

2 L) 6 

31 .S 

6 

C30 

'T 

2 h I 


0 

'O 

178 

- 

Is b 

lb Q 

12 8 

- 

n s 





0 



0 

•i-i 









n Qi 

IT 7 

8 

’I j 

l'. 

ri 


2. S 

18 

i'. 

Cl 

s 

<LI 

1} 1 

17 D 


I|.o 


13 7 






0 




0 








8.9 

I 07 

8 8 

14 8 

1^1 3 

TJ 

*-• 

o; 

12 8 

IS 5 

VJ 


y s 

IS8 

TO 1 

in 2 

10. 1 

II b 

T 20 

7 7 

11 8 

ID I 


aj 

10 1 

g 7 

cd 


7 3 

y 3 

« 5 

8 1 

7 

7 y 

7 4 

1-31 

64 

84 

8 

f/3 

ed 

u 

a 

S 0 

76 

t/i 

cc 

CO 

S h 

7 ’ 

4 I 

4.8 

5 ^ 

5 -^ 

4 2 

1.47 

1 0 

5 

6.4 

> 

M 

< 

0® 

5 2 

h 2 

> 

M 

< 

0® 

46 

5 4 

2 8 

1 I 

3 9 

4 0 

30 

1.60 

0.6 

I.I 

4 u 


‘ 

I 3 




2 <' 



^ 0 

3 2 

3'2 

2 8 


On it at 5.5 kV for i hour, the magnitude of the effect is reduced to 14.8% at 

V;,,. The same is tlic case also at the hii»her potentials. When the gas is allowed to stand 
for T, hours, the magnitude of the effect incieases to eg 6% u hich is more than that 
given by c\cn the fresh eas An inter\al of 16 hours auements the value still further 
to 31.5%- 

The influence of the frc(iueticy of the A.C. siii)ply was incidentally studied by 
subjecting the gas of the previous experiments to ai)pHed potentials in the range of 0.27 
to 0.5 \ kV of freciuency of 500 cycles pci second. Under these electrical conditions also, 
the system shows only negative Joshi effect ; but its magnitude is considerably smaller 
than that for 50 cycles fiequency and vaiics in the range of 4.8 to 0.5%. Results obtained 
foi the potential variation of the gas once again at 50 cycles freciuency, after allowing 
the gas to stand for 2| lioiiis, show a diminution in the magnitude of the effect, viz., 26.1 
which still is larger than that for the fresh gas. 

A reduction in the pressure of the gas to the luw value of 70 mm. is accompanied by 
a slight reduction ill the Joshi effect as well. Fxposure of the gas to potentials of 500 
cycles frequency gives %^i varying in the lange of 5.7 to i.i, which again emphasises 
the striking contrast in the influence of frequency difference on the production of 
the Joshi efl’ect. When the gas is 1 ext exposed to 5.5 kV of 50 cycles frequency and 
immediately after, the potential van ition of the Joshi effect studied, high values charac- 
teristic of the lower frequency are obtained for %Ai. Allowing the gas to stand for 
t6 houis brings about, as befoic, an increase in the magnitude of the Joshi effect. 

The above observations regarding the influence of ageing apply in toto to the case 
when the gas pressure is reduced to 50 mm. 

In another series of experiments, Ha at 70 mm. was aged at an applied potential 
of 5.5 kV of 50 cycles frequency for half an hour, after which the potential variation of 
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Fig. a 



Table IV 


Influence of ageing on the potential variation of the Joshi effect. 
(a) I’ressure of H2=70 mm. (b) Pressure of Hj=96 mm- 
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the Joshi effect was observed in this gas. This was repeated at intervals of 24 hours 
during which the gas was allowed to stand. The pressure of the gas was then raised to q6 
111 ni. by admitting fresh gas and observations similar to the above taken. Table IV 
contains some typical data obtained in the above series of experiments. 

It is found, in general, that the magnitude of the effect in the gas allowed to stand 
for a prolonged period shows a progressive diminution. Thus, H2 at 70 mm. after a rest 
of 06 hours shows a large drop from 45.7 to 4.0%. The same feature is observed also 
in icgard to the higher pressure studied, viz., g6 mm. 

The above results lead to the conclusion that while allowing the gas to stand for 
moderate periods after ageing at a large applied potential results m improving the 
performance of the system with regard to the production of the Joshi effect, very large 
intervals extending into days exert a deleterious effect and the system loses its ability 
to show the Joshi effect to any marked extent. Such a behaviour of the gas points to 
an interaction between the gas and the electrode surface which may result in the forma- 
tion of “a variable adsorption like boundary layer*’, photochemically active, as iiostulated 
by Joshi (Curt. Sci., i045i I75 ; ^947, 16, 10) and which is the main seat of the 

phenomenon of the Joshi effect. 

It is interesting to compaie the influence of ageing observed in the i)resent system 
with that in other systems. Deo (Proc. Ind. Acad. Sci., 1945' 21 A, 76) found that in 
the case of an * aged ’ ozoniser, that is, one which had been in use for work on the 
Joshi effect in Ch over one and half years showed no time vaiiation of tlie effect, while 
in a fresh ozoniser iu and /r, as also A/ and %A/, increased considerably during a 
continued exposure to discharge. "I he 'ageing’ effect in CI2 was more pronounced 
under X-rays (Joshi, C urr. Sci., 1944, ^3, 278) which produced a permanent decrease 
in the magnitude of the Joshi effect on exposing the ozoniser to the applied potential 
f(jr half an hour, r.oyal (this Journal, 1947, 24, 203) found tiiat in CI2 ‘ ageing * 
stabilises the discharge current, increasing markedly the Joshi effect over a wdde range 
of applied potentials. Rainanamurti iibid., 1948, 25, 255) has made kinetic studies of 
the pi ogressive development of Ai during ageing and finds that it follows the equation 
for the ' first order ’ reactions. The results obtained for Hg vapour (B N. Prasad, 
unpublished results) are veiy striking in that the system initially gives no Joshi effect 
but develops it on ageing ; the magnitude of the effect increases to a maximum on 
continued ageing, at which value it remains stationary thereafter. 

It is suggested tentatively from a review of the results available for the influence 
of ageing on the production of the Joshi effect that easily adsorbed and reactive gases 
such as CI2, Bra, ly, O2 and Hg dcveloi) or give a progressively increasing value of %A/ 
reaching ultimately a maximum, while the ‘permanent* gases such as H2, air N2 etc., 
which undergo little adsorption, are not susceptible to ‘ageing* influence to the same 
extent and in fact, lose the capacity to show the efject after prolonged ageing. 

Influence of Intensity of Incident Light 

That the Joshi effect is sensitive to changes in the intensity of irradiation has been 
observed in Cla (Joshi, Curr. Sci,, 1945, 1*, 35 ; Deo, Indian J. Phys., 1944, 18, 83), 
6^1721!*— 4 
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In view of the observation of positive Joshi effect, i. e,, a photoincrease in the current 
in H2 (loc. cit.) and a number of other systems under certain conditions, a close connec- 
tion between the photoelectric effect and the Joshi effect may be contemplated. It is 
known that in vacuum cells, photoelectric emission is strictly proportional to the inten- 
sity of light, while in gas-filled tubes subjected to electric fields, strong enough to pro- 
duce ionisation by collision in the gas, the current may be expected to increase more 
than linearly with the intensity of irradiation. Hence it appeared instructive to study 
the influence of the intensity of the incident light on the magnitude of the Joshi effect. 

Three different intensities of the irradiating light were obtained from three systems 
A, B, C of white incandescent bulbs in the following way. System A consisted of two 
200-Watt bulbs and one 80-Watt bulb ; B, of one 200-Watt bulb and one 80-Watt bulb ; 
and C, of one 200-Watt bulb. These bulbs, rated for 220 volts, were worked at t8o volts 
which was kept constant by adjustment of a resistance in series. The actual intensities 
of the systems A, B and C were therefore in the ratio 307.2 : 179.2 : 128, i. e., 2.4 : 
1.4 : I. 

was admitted into the o/.oniscr at a pressure of 205 mm. and the potential varia- 
tion of the Joshi effect of the system observed when the ozoniser was irradiated by the 
three systems of irradiation, one after the other. Two pressures of the gas were studied 
and the data obtained are shown in Table V. 

Tabi.b V 


Influence of iniensify of irradiation on the relative Joshi effect in hydrogen. 
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1.34 



8.4 

7.2 6.0 

3 5 *^ 

5-2 

6.0 5 3 5 0 

4.7 1.0 

3.4 

3.0 2.3 2 0 

2.3 2.0 1.8 

I A 7 

4.0 

2.9 2.0 

8.8 

5-6 4-0 

6.6 5.7 

5-4 

4.3 3-8 3-2 

3.3 2.8 

2.5 

2.3 1.7 1.4 

1.8 1.5 1.2 

1.60 

4-7 

3 9 3.5 

7.1 

6,0 4.2 

6.5 4-5 

4,2 

3-8 3.4 31 

2,7 2.0 

2.8 

1.7 1.2 I.O 

1.6 I 4 1.2 

I 73 

4-3 

3.2 2.6 

6.5 

4.8 38 

5-3 4 .S 

3 9 

3-3 2.9 2.7 

2 4 2.0 

1.8 

1.6 1.2 1-0 

1.2 I.O 0.8 

1 87 

2 00 

4.0 

3.5 

3.5 2.0 

3.1 2.6 

70 

3-7 3 3 

The relative intensities of the three sources of irradiation were in 
the ratio of A : B : C : : 2. 4 : i 4:1 

2 13 

3-5 

3.1 2.6 





> ‘ 






It 

is evident 

that the 

magnitude 

of the Joshi effect increases with the intensity of 


irradiation : but the variation is not linear. For low values %At appears to be linear 
with the intensity of irradiation. But as %At takes on higher values, its variation with 
the intensity of light becomes less than linear and tends to show saturation at higher 
intensities. 
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Influence of Frequency of Incidenl Light 

Work on CI2 lias shown that the Joshi effect is markedly sensitive to the various 
spectral regions of the irradiating light and the magnilude of the effect for the different 
regions of same intensity is in the order : white > violet > green > red (Joshi, Curr. Sci,, 
1945, 14 , 35, 317; Deo, Science & Culture, 1944,9, 252). Even when the red region 
had an appreciably larger intensity than violet, %A/ was larger for violet than.for green 
or red. Thus it appears that frequency and not intensity of the irradiating light is 
the more important determinant of the phenomenon. But scince the light used viz., 
the violet band contains the region which is selectively absorbed by CIj, it could not 
be asserted without any ambiguity whether the Joshi effect is the result of selective 
absorption or frequency effect. H:., unlike Ck and other gases, is known to be under 
ordinary conditions the most transparent gas. Even the very short waves, discovered 
by Schumann, which are powerfully absorbed by other gases, are freely transmitted by 
hydrogen. It appeared therefore interesting to study the role of frequency of the inci- 
dent light in such a gas in regard to the production of the Joshi effect. 

Different frequency regions of the irradiating light were obtained by the use of 
glass filters in front of the moving shutter of the box enclosing the bulbs. The trans- 
mission limits of the fillers, as determined by a Hilger constant deviation spectrograph, 
were found to be as Violet, 4750 - 4000 A ; ('.recn, 5775 - 5070 A; Red, 7070 - 6070 1 ; 
White, 7800 - 3700 A. 

H2 was taken at pressures in the range of 50-20 mm. At each pressure the potential 
variation of the Joshi effect under irradiation of the o/oniser with the different frequency 
band was observed, lypical results selected out of several series of such data repre- 
senting a wide range of exciting conditions are indicated in Table VI. 

It is seen that at all applied potentials and pressures of the gas, the order of the 
magnitude of the Joshi effect is white > violet > green > red. In the last column 
under each pressure is given the sum total of %A/ produced individually by llie violeti 
green and red radiations. In every case the total exceeds the value for white light in- 
spite of the fact that the range of freciueucies transmitted by the three light filters is 
much less than that due to white light. This points to a saturation effect whereby the 
Joshi effect due to simultaneous irradiations in different spectral regions is less than the 
sum of the corresponding %A/ produced separately. 

The extreme transparency of Hj has been refeircd to. Hydrogen gas in the sun 
and stars shows strong absorption coincident with the emission lines seen when the 
gas is excited by electrical discharges in vacuum tubes. Attempts to reproduce these 
absorption lines in the laboratory have shown that absorption takes place only when 
the gas is in a state of luminiscence. Pfliiger (/Iwn. Phy^tk, 1907, 24 , 515) by 
exciting Hg at low pressure in a capillary tube by powerful electrical discharge from 
an induction coil and exposing Hj, contained in a large tube connected to the same 
electrical circuit, to the glow of hydrogen in the capillary tube was able to observe 
the red line distinctly reversed. Soon after, Eadenburg and Eoria {Verh. deutsch. 
phys. Ges., 1908, 10 , 858) using a similar arrangement reversed both the red and green 
lines. It is thus seen that hydrogen absorbs the Hd and lines only when it is power- 
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Tasi.k VI 

Influincc of frequency of incident light on the iclalivc Joshi effect. 


Applied 

potential 

kV. 

< — — 



0/ A f - 



White. 


Violet. 

/O L\l — ' 

(irteii. 

Red. 

Violet 

+grceii 

-t-rtd 





Presbure of h> drogeu = 

SO 111111. 


0.67 

23. .S 


13.8 

il.O 

8 7 

34.1 

1.07 

11.7 


7 X 

^’•3 

38 

17.2 


A.S 


1*1 

3 « 

2.2 

10. i 

1.60 

3.3 


2.y 

2.7 

1-5 

7 1 





l’rc.Sbure of h>di*ogeu 

= 40 111111. 


0.67 

29.3 


lO 0 

15.1 

9-7 

40.8 

1.07 

12.8 


7.5 

7.0 

4.4 

l8.y 

1.34 

5-4 


1.0 

3-1 

2. 2 

9.9 

I.(X) 



2 8 

2.5 

1.9 

6 () 





Picssuic of liNcIrogen -30 inni. 


o.b/ 

2 1.t) 


14 u 

13 0 

9.0 

39.0 

1.07 

10.4 


0 8 

0.1 

4.4 

17.3 

1.34 

5 «'’ 


3 ‘S 

3.5 

J.2 

9-5 

1.60 

3.2 


2.4 

2.0 

I.U 

5 4 





1‘rissim of IndiogLii 

- linn. 


ti.t>7 

21.3 


I 5 .t> 

13.9 

H'.o 

39 .S 

1 07 

1 J.n 


^.3 


1-3 

i 9 .(> 

X.34 

1 3 


3.3 


2 3 

8.6 

1.60 

2.0 


2 1 

1.8 

1-3 

3-2 





TrebbUit ol hydrogen = 20 111 111. 


0.67 

5 


12.9 

ii 4 

8.3 

32.9 

1.07 

S 2 


4 3 

1 

2 6 

10 9 

1.34 

2 (» 


1.4 

1.3 

1.1 

38 

1.60 

1.2 


0,8 

0.7 

0-5 

2.0 


fully excited at low pressures. Lambrey and Glialouge tCompi. rend., 1927, 184 , 1057) 
have observed that if i)otentials of 2 to 3 kV are applied to a tube containing under 
2.5 nini., a continuous spectrum is obtained extending from the red into the Scliumann 
region. The Ha lay is visible, but not the Hs or Hv rays. The spectrum is stable for 
at least 5 minutes. 

Now, in the present exiieriments, Hj was taken at comparatively very high pressures, 
viz., 20 to 50 mm. and excited at potentials intended to give large values of the Joshi 



^TUDIKS OF -lOSlll EFFECT IN HYDROGEN 


203 


effect ; licuce the applied potentials were not far removed from V,„. In tliebc cii- 
cumstances, Hg will not be in a condition to show selective absorption. The occurrence 
of the Joshi effect under all frequencies of the irradiating light and especially the magni- 
tude of the effect being in the order : violet > green > red, makes it clear that the effect 
is not the result of selective absoiption but is a frequency or quantum phenomenon and 
that of the tuo factors, intensity and frc(iucncy which influence the magnitude of the 
effect, the latter is the more import ant determinant. 

InjlucuLC of TtmpemluiL 

It is known that the photoelectric efleet is not iiillueuced by temperatuie Since 
the Joshi effect also is a photo- phenomenon, it is of interest to investigate the influence 
of temperatuie on its production. 

For experiments rei)oited in this Section, the ozoniser was enclosed in a box lined 
with asbestos internally and heated electrically by means of coils of resistance wire 
fixed along the walls of the box. On the outei and inner electrolytes showing a steady 
temperature at the requiicd value, studies of the potential variation of the Joshi effect 
weie carried out. I'lie range of temperature investigated was from 15' to 55''. The 
room temperature w’as 30^' ; after a study had been made at a different temperature, 
readings for the potential variations of the Joshi effect were taken at the room tempcia- 
ture. Such a pioceclure helped to disentangle any ellccl due to 'ageing’ from that 
due to temperature variation. The data aie given in Table \' 1 I fcf.. Fig 3). The tem- 
peiatures are indicated in the order in which they were varied. 

Tabce VII 


Applieil 


InJIucncL oj icnipi taiun on ilit tclalivt Joi>}u 

I’lt.sburt Ii\ diogcn --y mill 

Vo A/ at teiupeialiiit - — 

1 LfJCl 1. 



1)0 t'lili.il 

kV. 

31^" • 

47 "- 

3 <>'- 

55 "* 

3 “” 

20". 


15 . 

’‘•54 


- 

- 

- 


1 7 

11.1 

14 1 

o.8u 


h S 

7 -i 

0 2 

1.) 2 

3 

19.1 

-13 3 

u yi 

.s-- 

7 3 

15.9 

A- 7 

-J 3 / 

24 9 

'.7.8 

24 8 

1.07 

17,1 

15.9 

17.0 

14 0 

9 

17.9 

10 0 

16 9 

1.17 

170 

U 3 

^ 7-5 

12.8 

13.9 

14 4 

ij-S 

13.3 

1.-J8 

13 3 

10 7 

12.2 

7.1 

13.2 

U 7 

11.7 

12 1 

J.33 

11 1 

y.2 

10. 0 

(1.9 

11. 8 

11.9 

5 

10.8 

1.39 

9 7 

7.0 

9 7 

6.3 

— 

9.6 

10.7 

10.2 

1.44 

9.8 

7-6 

91 

5-5 

9.4 

9 7 

9 T 

9.5 

1.49 

10 0 

— 


— 

— 

— 


— 
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In general it is found that with increase of temperature, %Ai shows an appreciable 
diminution in value. For example, at o.8o kV, the values of %Ai at 30°, 47'*, 55°, 
20° and is” are 6.5, 6.8, 6.2, 18.3 and 23.3 respectively, while at a higher potential, 
say 1.33 kV, they are 11. 1, 9.2, 6.9,11.9 and 10.8 respectively. The values of %Aj 
obtained at the room temperature immediately after a set of readings had been taken 
at a different temperature are seen to be not quite constant for any definite potential. 
This is especially so at lower potentials. This is to be attributed to the effect of ageing 
which thus seems to affect the magnitude of the Joshi effect more at lov\ er than at higher 
potentials. 

Since the Joshi effect is found to be maximum at/near V,„ and diminishes as V 
increases, it may be inferred from the fact that %A} at a particular potential deci eases 
as the temperature increases, that V,« of the system decreases and hence the effective 
applied potential (V — V,rt) increases with increase of temperature. This may be brought 
about in two ways, viz,, (a) the electronic velocity may increase, or/ and (6) the con- 
ductivity of the glass walls of the ozouiser may increase at higher temperatures But 
it is known that the electronic mobility is independent of temperature. If the conducti- 
vity of the glass walls increases ai)preciably with temperature, an increase in the cuirent 
Id at constant applied potential may be exiiectcd. Bui it is seen from Table VIII, where 
the currents fo corresponding to various applied potentials at the different temperatures 
are given, that ovei the range of temperatures studied, viz., 15° to 55°, i,, remains nearly 
constant. This is more appaient at the higher than at the lower potentials where the 
ageing effect interferes with the constancy of io- Thus, temperature is found to have 
no influence on fo but affects ft in such a way that a decrease in the net and relative 
Joshi effect results with increase of temperature. This points to some sort of a condi- 
tioned surface capable of responding to the incident light. 

Tablb VIII 

Discharge current at different tempeiaiures. 

Pressure of hydrogen =90 nun. 


Applied 

potential 

kV. 


47 *- 

Discharge current in niilliauipb at 

30*. 55 ’- 

2o^ 

30”. 


054 

o.oiu 

0.010 

0.015 

0.020 

0.025 

0.025 

0 025 

0 025 

0.80 

.025 

.025 

.025 

.035 

,040 

.040 

.050 

.050 

0 91 

•^55 

.055 

.070 

.070 

.090 

.085 

.085 

.085 

1.07 

.130 

.I 3 <J 

.130 

.140 

.I 3 <J 

.130 

.130 

. 1-25 

1.17 

.165 

.165 

.160 

170 

.160 

.155 

.160 

.150 

1.28 

.190 

.195 

•195 

.200' 

.190 

.180 

.195 

.180 

1.33 

.2IU 

.210 

.210 

,220 

.200 

.200 

.210 

.200 

1-39 

.230 

.230 

.225 

.235 

— 

.210 

225 

•215 

1.44 

.250 

.250 

•245 

.255 

-25 

- 5*5 

.240 

.230 


Numerous workers have shown that the classical photoelectric effect is not influenced 
by temperature changes; the teiiiperatare has been varied from -190® to 800®. 
But great care had to be taken to keep the photoelectric surface absolutely clean and 
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.outgassed by heating. I,adenbiirg {Verh. deutsch. phys. Ges., 1907, 9 , 165) found that 
in the best vacuum attainable in his time, fresh surfaces of metals did show a slight 
temperature effect, but this disappeared 011 outgassiug. Hence the production of the 
Joshi effect only in the presence of the gas and its dependence on the temperature is of 
significance for an elucidation of its mechanism. 

A critical examination oi Joshi’h theory of the phenomenon (Proc. Indian Sci. Cong. 
1946, Phys. Sec., Abst. No. 25 : Cun. 1947, 16 , 19) in the light of the foregoing 
results for H* may now be attempted. 

The theory contemplates three stages, viz., (n) formation of a boundary layer on 
the container walls derived in part from adsorption of ions and molecules under applied 
fields intense enough to cause dielectric breakdown of the gas; (b) photoelectric emission 
of electrons from this boundary layer under external irradiation , and (r) capture of 
these photoelectrorrs by the excited uerttral molecules and atoms on account of their 
electron affinity to forrrr negatrve ions of low mobility, resulting in current diminution 
as a strace charge effect. 


b'lG. 3 



Applied potential in kV. 

The discharge space under potentials causing ionisation by collision abounds in 
various species of particles such as normal and excited atoms and molecules of the gas, 
positive and negative ions, electrons etc. Destruction of metastable atoms and recom- 
bination of ions on irradiation were originally suggested by Joshi as probable factors 
in the production of the efjeci. The obseivation of a large in observed in the 

present investigation, which according to Loeb (‘‘Fundamental Processes of Hlectiical 
Discharge in Gases*', p. 496; ‘'gives a fairly low value of Vs (starting potential) and has 
no metastables’* rules out the possibility of the effect being due to destruction of the 
metastables op irradiation. As regards the other suggestion, there is no instance 
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available in the literature where recombination of ions under irradiation has been observed. 
Further, if recombination were to occur under light, a spectral shift in the intensity or 
frequency of the glow in the discharge may be expected to follow. No such change has 
been observed so far. 

The present theory of the effect advanced by Joshi, and outlined above, would appear 
to explain satisfactorily all the various features observed. Thus, the absence of the 
effect under potentials less than V™, coupled with its development in an ‘ageing’ ozoniser 
and its diminution at highei' temperatures supports Joshi's first postulate viz., formation 
of an adsorption-like boundary layer Ijetween the glass wall and the excited gas. The 
profound influence of the frequency and to a less extent, the intensity of the irradiating 
light on the effect establishes the photoelectric nature of the adsorbed layer. The 
observation ot a large positive effect i. e., photoincrease of current under certain condi- 
tions, generally just below V«, of the system, may be cited as an additional evidence. It 
is well known that photoelectric currents from glass surface are very feeble. Whenclt 
and Schmerwitz {/. Physik, 1929, 67 , 533) found that even when the full light from a 
carbon arc was allowed to fall on the surface of a glass plate if> x iS x 0.13 mm., the 
currents were feeble, being of the order of io“” amp. Since the ionisation iiotentials 
of gases are well above 10 volts, theii photoelectric threshold is shorter than 1234 and 
they can show no photoelectric effect under visible light. Hence, the production of the 
Joshi effect under vi.sible light including the red end of the spectrum leads to the con- 
clusion that the work function of the ‘boundary layer’ postulated by Joshi should be Icne. 

The author takes this opportunity to express his grateful thanks to Prof. S. S. 
Joshi, D. Sc., P'. R. I. C., F. N I., I'uiversity Professor and Head of the Chemistry 
Department, for his kind interest and valuable guidance and discussions during the pro- 
gress of these investigations. 
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DIELECTRIC CONSTANT AND DIPOLE MOMENT OF SOME DRUGS. 

PART I 

By (Miss) S. B. Kui,karni 

The dielectric constant of ‘•anionin, harbitones. phenacetin, acetanilide and acetylsalicylic acid 
has been for the first time determined and the moments have been calculated by applying the neN\ 
equation The moment of /-ascorbic acid has been recalculated. 

Dipole moment of /-ascorbic acid in clioxaiie solution lias been studied by Kumler 
(/. A met. Chem. Soc., 1040, 62 , :2g2) ; the results have been recalculated by applying 
the new equation dcvcioiied by Jatkar, Sathe and Iyengar ( /. Tnd. Inst. Sci., 1946, 28 A, 
Part II, pp. I -15) 



€. 

TABbH I 

d. 


AiX 10'®. 

Solvent = dioxane. Temp. - 25®. Pr — i S2.8 

0 OOOti 2.21366 

1 .0280 



“.‘''>3955 

2 2 S 9 iy 

1 0.996 

2079.6 

3.22 

0 no6<>3() 

2 28458 

1.03070 

2126 3 

3.25 

0.009054 


1.03218 

2342.0 

3-28 

The symbols used 

in the tables are : 

IV 2t wt. fraction of the solute ; 

d, the density of 


the solution ; Po, the iiolarisation of the solute ; Pf, the electronic polarisation of the solute; 
the dielectric constant; n, the dipole iiionieiit (cf. Kumler, loc- cil.). 

The new value ot moment is 3 25 as against the D. C. M. value 3.y3D. Kumler 
has proposed the structure 


(,/ II 

H I I />• 

/ C C- C< '■H 

o /i\ / ; 

\ / u \y' / 

L' C / 


C-^-o 


with rn intramolecular hydrogen boncling. It is not possible to prepare a model of this 
compound as there is a considerable strain in the pentacyclic unsatnrated ring and hence 
it is not possible to explain the dipole moment. 


Sanlonin 

The chemistry of santonin was investigated by Cannizaio el al (cf-. Clemo, /. Chem. 
Soc., iq29, 2368) and various constitutional formulae have been suggested of whicli 

7-.17J1P — 4 
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Structure (I) was proposed by Grassi-Crislaldi (cf. Gucci and Gras si-Cris>taldi, Gazretia, 
1892, 22 , 1) and structure (II) by Cleino ei a 1 {]. Chem. Soc., 1930, 2579) after direct 
synthesis of d/-santanous acid and racemic desniotropo-santonin. No previous work 
has been done to study the dipole moment of santonin. 


Me 

I 

Ov C CU, 

I I 


Me 


0 

Me , g C 

Ox I ik/ 2 1 

' cA'.^jm-CIIMe 


MeCH, (ID 


a) 


The dielectric coiistaDt of santonin was measured in ben/eue solution at 3 concenlia- 
tions and two temperatures. The results are i^iven l)clov\ . 


Taiilk II 


U2 


d 

P2 

fj.y 10* 

• 


So]vcnl= benzene. Temp. = 21® 



0 00503 

2.3270 

0.893.1 

^531 

1 M 

0,02002 

2.6250 

0.8785 

5192 

5 

0.02614 

2 7990 

0 8823 


5 40 



Sol\ cut = Benzene. Temp =12* 



0.00503 

2 2970 

0 8576 

3300 

1 

0 02002 

00 

00 

0.8617 

^ 97 S 

=; 10 

0.02614 

2.7286 

0 8621 


s )3 


There is an unusually marked effect of concentiation on the dipole moment The 
moment of santonin in benzene solution varies with concentration, the infinite dilution 
value being 3.7D. This value supports structine (II). The two C = 0 groups are neaily 
at an angle of 120 degrees in (ID and 150® in (D. Calculating the components along the 
two polai isable groups C — C) in (ID, the moment along C = 0 = [3.0 fC-C)) + T/8 (3.0) 
(C = 0 ) + 1.8 (C“ 0 ) - 1/2 X i.S (C- 0 )] =3.5 and along C = 0 = 3o(C-())-i/8 [3.0 of 
C *=0 + i.8 (C-0)-i/2 (C- 0 )] = 3.5 D. The hydrocarbon groups contribute the balance 
of 0.2D. 

Barbiione 

No previous work has been reported on the dielectric constant of barbitone and 
phenobarbitone. In the present paper the moments of these compounds in dioxane 
solution have been studied. 
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Tablk III 


tt' 2 » 

ii. 

Pi. 

/tX 10' 

Rarbitone : Solvent — clioxHiie. Temp. = 4s“. 

Pi -=19^.^. 5 



0.0887 2.26’,* 

I .« >466 


I 10 

0.0835 --255^ 

1 .0468 

411.6 

1. 10 

0.0725 2.2477 

^.0433 

441.3 

r.io 

Phenobarhitone • Solvent = tl'oxanc. Temp. 

-25“. Pk -228.4. 



0.1037 2.2808 

*•‘>557 

198.1 

1.20 

0.0703 2.2477 

1.0133 

411.3 

1. 16 


Tabi.I', IV 


Temp. 

<‘’2. 

d. 

P2. 

/uX 10*®. 

1. Acetanilide 

: Solvcnt = ben7ene. l\ ~i5o. 




22” 

n.OlO’, 2.432 

0.8-61 

2495 

3-55 

44 * 

„ 2 373 

0.8592 

2028 

3.55 


Solvent = (lic)xa iie. 




23' 

0.07128 3.618 

1 .038 

2835 

3.78 

40 * 

3-407 

1.023 

2656 

3.76 

2. ITienaeetin 

Pure (molten) liquid Pe =200. 




Temp. 

€. 

d. 

P. 


165* 

24.157 

1 .008 

4117.0 

5-56 

i.so" 

25.848 

1.017 

4375.0 

0.64 

135" 

27.98 c, 

1.027 

4707.0 

5.75 


Solvent = dioxaue. 





ie/j. f. 

d. 

Pi- 


25" 

0.0180 2.6S1 

1.0311 

5373 

5.30 

35 * 

,, 2.671 

1. 0219 

5377 

5.35 

3. Acetylsalicylic acid : Solvent = dioxaue Temp. 

= 25\ Pe =179.6. 



Wj. 

6. 

d 

Pi- 


0.0255 

2.2583 

1-0351 

80 S. 4 

2.07 

0.0673 

2.473 

1.044 

1017.0 

2.11 


Solvent = dioxane . Temp . = 

= 35 ’. 



0.0355 

2.3470 

1.037 

719.8 

3.00 

0.0673 

3.436 

X.031 

910.3 

3.03 
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(The variation of moment 1. 16- 1. 2 oD in the case of phenobarbitone is within the 
limit of experimental error). 

The results show that there is no concentration effect and that the moments of 

both are nearly the same (i.io) as expected. The small moment is in haimony with a 

symmetrical structure of barbitone. 

0 

II 

«\/S 

I I 

c c 

C) I 0 
H 

Aceianilidc, Phenacelin^ AceiylsalicyHc Acid 

There is no previous vNork on the dipole moment of autipy relics. The author has 
investigated the dielectric constant and dijiole moment of acetanilide, C,,Hr,NHCX)CHj, 
ill dioxaue and benzene, of idienacetin CoH.,()C,.HiNHC(K'II., in pure molten slate 
as well as in dioxane solution and of acctylsalicylic acid, Ci.HJCCK'^HlOCOCHo m 
dioxane solution. The dipole moments are calculated by at)plying the new relationship. 
The results are sliovvn in Table IV. 

The high moineiit of acetanilide is obviously due to NH gioup winch lias a high 
ionic character (7S%). The acclyl group gives a positive component to NH l)ond when 
calculated along the connecting links and vice* versa. The moment along C = 0 , the 

most polarisable group, conics to 3.4 as compaied to ^.6 observed (average value from 

the data on benzene and dioxane). 

The moment of phenacctin is abiioimally liigh and may be due to resonance. 

The comparatively low moment of acetylvsalicylic acid indicates internal hydrogen 
bonding. 

Thanks of the author are due to Dr. S. K. K. Jatkar for guidance and to the Council 
of Scientific & Industrial Research for the financial help during this research. 

Received December i, 1948 . 
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dielectric CONvSTANT and dipole moment of some druos 

PART II 


^MivSs) S. B. Kulkarni 

Dielectric constant of sulphanilaiiiKlc has been tlclci mined ill dioxanc and the dip(de moment cat 
ciliated by applying the new e(iuation The moments of compounds 1 elated fo sulphanilainide have been 
recalculated from the literature data and the monunts discussed in the light of then structure 


Tlic Study of the dielectric properties of the sulfa drugs is very interesting from tlie 
point of view of their pliarmacological piopeities. rnfortunately these drugs have been 
found to be high melting and insoluble in oiganic solvents. The dielectric constant of 
sulphanilainide, which is soluble in dioxane, has been investigated and the dipole moment 
calculated by a[)plying the new equation of Jatkar r/. (i/. (/. Liti. Lis/. .Sc/., 1946, 28A, 
Part II). The picvious data on the dipole moment of suliihanilamide and related 
compounds have been also recalculated. Ihc lesults aie given in the following table 


lAIlLK I 

(/. I*i u X !()•*. Ml) 

I. Hcn/cne sulphonamidc Solvent — dioxanc at 25*. 7 ’i =1^6. 


0.001.110 


I 028 

3393 

4 17 

09 

0 008237 

) ■•386 

I .0287 

VI26 

1 19 


0 oiaolSg 

■J 4691 

I 029.-, 


4 20 


0.015031 

- 5460 

1 0 -jll 

31 V 

4 19 



/»-l*hcnylhen/enc 

sulphr)ndiiiidc 

Solvent = dioxane 

at 25 Pl -262 


0.004831 

2.2831 

1 0 ’8( 

371 ^' 

4 3 .i 

5 

0.U08125 

^■ 333 b 

I 0287 

37 J 7 

4 3 ^ 


0.011312 

<^. 3 J^ 3 .S 

1.0295 

3717 

1.30 


0.016929 

2 1697 

1 0311 

3^89 

1.28 



3. Sulphanilainide 

vSf)l\ent- dioxane at 25". =- 181 



0.004368 

2.3496 

I 0281 

5 s 56 

5 37 

6.63 

0.007848 

2 463.S 

1.0296 

555 ' 

5-37 


0.010880 

2 s62g 


.5557 

5.38 


0.017019 

2 7681 

1 0327 

5620 

5.40 


0.009798 

2.9189 

1 ‘>331 

5575 

5 40 


,1 140“) 

2 8292 

1.0157 

5062.5 

5 35 



(/»-Ainhiophcnyl) heiizciie sulphanilainide Solveiit = 

= dioxane at 25®. Pb 

-230. 

0.002465 

2.2692 

I 0276 

6130 

5-59 

6.73 

0 003828 

2.3020 

1.0281 

6124 

5 59 


0.006156 

3-3597 

1.0284 

6137 

5 59 


0.007888 

3.4037 

1.0291 

6175 

5.61 



1*4 Kutnler, /. Amer, Chem. Soc., 1941, 68, 2182. 
^Present author. 
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Discussion 

Kumler et. al. Hoc. cil.) have calculated the moment of snlphanilamide by making 
use of the formula for free rotation, 

J“fi = v'/*l* + /“*2 + 2/X|/*t cos e cos C, cos C2 ”• (i) 

where /*, is the moment of amine group, the moment of sulphonainide uroup, 0 , the 
angle between the axis of rotation, and C] and Cj, the angles which the two moments 
make with their respective axis of rotation The calculated moment by applying this 
formula is 5.82 which is less than the observed Debye’s value of moment 6.63, and hence 
he postulated about 3% contiibution of the resonance structure 


“() 



-() 


According to Kumler the tlierapentic elTeets of snli»Ii,inilamide and related compounds 
arc associated with the contribution iiuule by the forms with a separation of charges. 
The recalculated values of moments aie 4 ro for benzene sulphonainide (CMI.isOjNITs) 
and I 5 for aniline and 5.4 for snlphanilamide (H2NC, which is 0.3 less than 

the sum of aniline and sulphonamide. Similaily, the lecalculated moment 5.6 of the 
compound /’-[ihenylbenzene sulphanilamide 

NH2<^ )>-<( ^SthNIl^ 

is 0.2 less than the sum of tlic moments of the coiics])oik 1 iii^ /’•phuiiylbeii/eiic sulphonainide 

-0-<3-SO,NH, 

(4. 3D) and aniline. These differences aie considerably less than the descrepan cies (0.8) 
given by the equation (i) and also those calculated by the addition of the D.C.M. 

moments of aniline (1.9) and beii/oiie suiplionairiide (5 1) the sum of which is more than 
the D.C.M. moment 6.6 for sulph inilamide which lesult cannot be explained by the 
concept of resonance. 

The application of the new equation cleaisaway the whole difficulty and the observ- 
ed moment is nearly equal to the sum of the individual moments. 

Thanks of the author are due to Dr, S. K. K. Jalkar for guidance and to the Council 
of ScientiBc and Industrial Research for the financial help during this research. 
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DIELIiCTRlC CONvSTANT AND DIPOLE MOMENT OF SOME DRUGS. 

PART III 

By (MiSvS) S. B. Kulkarni 

The dielectric coiislan' ot .S"li> dr<)x>(|uiiiolitu 111 puic tiiolUn slate, as well as in solutions, and of 
4 different 5 : 7 -cliloio-io()u snhstitiittd 8 In dtoxvciniiioUnc derivatives in l)en7eiie solution lias been 
determined and the dipole inc iiRnls < alculaled by apj)l\ ing the new ctjualioii. The compound 5:7- 
di-indo-8-h)dit)\_\(iuin'jline, which is lepoilctl to Ir most t(*\ic, has liighest dipole moment, 6.36D. 

A iiiiiiibei of chlorine- and i(alinc-sul)stitnlcd del ivat-ves of S-Ijydroxyqiiinoline Lave 
been rei)Cilcd to be vciy n chil as inlcinal antiseptics foi amoebic infection fcf. Leake, J. 
Amct, Med. /Iss'or.j IQID 98 , toP). The activity of these drugs is believed to be due lo 
the lilieralion of iodine in the intestiiu*. In order to find out the relation, if any, between 
the activity and diiiole moment, the author has investigated the dipole moTnent of four 
isomeric cliloro-iodo-S-hydroxy(iuinolincs which were kindly supplied by Dr. T. N. 
(Miosh of the Bengal Immunity Rescaich Laboratory, Calcutta. The dielectric constant 
of 8-hydroxyquinolinc in imrc molten slate as well as in benzene and carbon tetrachloride 
solution has been determined for the fiist time and the dipole moments are calculated 
by applying the new equation of Jatkar ei ah '/• ^94^* 28 A, Part II). 

The results are presented 'll the following tables. 


Tabi.k I 


Temp 

I. 

e. 

-S - 1 1 ydu )\ y < Hii } iolnie . 

(/. 

/\/\ 

UJ 

OH X 

P 

l \ = J6S.5 

/u X ml*. 

Molten licpiid : 
120* 

8.052 

i 135 


2.28 

nu ® 

8.287 

1.150 

()p.h 

2 28 

22® 

3.126 

— 

— 

— 

h - 

f . 

ii. 


jU X /ii>. 

Solvent -hcii/enc. Temp. -= 
0.l02y 2.8^19 

- 0 

0.8987 

1081 ] 

2.21 252 

U.I3I5 

3.0513 

t ).9073 

1098.0 

2 23 

Solvent = l)en/enc. Temp 
0.1029 2.8282 

in®. 

0.884^ 

IU67. j 

2.25 

0-1315 

2.9832 

o.8(;31 

1050.5 

2.23 

Solvent = (.'Cl4. 
0.0318 

Temp- = 25®. 

• 2 . 5^53 

1 . 549 - 

1070 

2.21 

0.0371 

2.6129 

i.56oh 

1130 

2.27 

0.0485 

-J 737 ^ 

1.5581 

1132 

2.27 

Solvent = C'Cl4. 
0.0371 

Temp. = 40*. 

a -4959 

I. 54 -J 3 

981 

3.20 

0 0485 


1.5373 

XI32 

2.31 
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Tabi,H II 

Cl 





/\/\ 


II. 

5 -Chloro- 7 -iodo-S-hydroxyquinoline 






OH N 





Pe 

= 27i.y 

/2. 

Temp 6 . 

d 

P^. M X 10*®. 

Ml 

0.00253 1 

18.5* 2 3074 

0 8839 

1147 5 ^-14 

2 1 


48* 2 2^)13 

0 8565 

983 3 2 03 


III. 5 lodo* 

7-chlon)-8-h> drv)xy([uiiioline 

rv =-271.9 



0.001120 


0 8806 

2014 4 3.11 


19 

45" 2 26^19 

0 8565 

i8y8.s 335 

3 4 

tv* 5 .7-Dichloro-8-li> (Iruxytjuinoline 

Pf - 230.3 



0.001484 

22" 2.3288 

0 S763 

34^5 3 116 



40“ 2.3063 

0.861 >6 

3S485 431 

5-9 

V, 5 •7-r)i-iodo-8-h>(lrox\ quinoline. Pi 

-30 .4. 



0.000519 

20" 2.3232 

0 SjSy 

7989.7 6.36 



46* 2.2838 

0.8519 

7351 4 630 

7 5 


Table III 
Tabic of moments. 



Substance. 

.Solvent. 

Tenii), 

MX 10*®. 

Md* 

I 

8 -Hydroxyquinoline (8 IT Q ) 

Pure liquid 

Celle 

100 *-120 * 

2.28 



) 1 

25 ’mo" 

2.23 

2.52 


) • 

C'CI, 

25 % 4 f^" 

2.23 


2. 

7-Chloro-7 iodo- 8 H.Q 

Celle 

185% 40“ 

2 10 

2.4 

3. 

5-Iodo 7-chloio. ,, 

19 5 % 40" 

3.^3 

3 4 

4 * 

5 :7-Dichloro- , 


22 * , ii >* 

4.23 

S .9 

5. 

5!7-Di-iodo ,, 

, 

46* 

6.36 

7 -S 


D I s c U vS vS I <) N 

In the 5:7-substituted (S-liydroxyquinoliuus, the 5-c hloro-7-iodo- compound, which 
IS known as 'Viofonii' has the lowest nioinent llic muiiient of 5-iodO“7-chloro 

being 3 2D and that of 5:7-dichloio-(4-2 > and 5:7-di iodo-S-hydroxyquiuoline having the 
highest (6-36) inoirienl. vSorne chemical tests indicate that the iodine atom in 5-iodo- 
7-chloro-8-hydroxy(]iiinoIiiie f/i = 3,26) is iinne strongly bound than that in vioform 
/.c., 5*chloro-7-iodo-8-hydroxyquinoline (irA = 2i) ((ihosh tta/,/. Indian C hem Soc.^ 
1944, 21. 352) and as such the former compound is expected 10 liberate iodine more 
slowly than vioform in the system and rhus may exert a more sustained theiapeutic 
activity in the ticatnient of amoebiasis, Iloucver, no pharmacological data have been 
reported as yet. 

5 : 7 -Ui-iodo- 8 -hydroxyquinoline is rei»orted to be most toxic of these series of com- 
pounds, which has also the highest dipole itioment. The 5 ; 7 -dichloro compound has 
not been investigated for its pharmacological properties. The moments calculated by 
applying Debyes* equation (/xD) are systematically higher than the new values. 

Thanks of the author are due to Dr. S. K. K. Jatkar for guidance and to the 
Council of Scientific & Industrial Research for the financial help during this research. 

Indian Institutr of Science, Received December i, 1948. 

Bangalokb 3. 



[jour. Tndmn Chem. Soo., Vol. 28, No. y\, iqiq] 

DIELECTRIC CONSTANT AND DIPOLE ISIOMENT OF DDT 
By (Miss) S. B. Kulkarni 

Coniniercial DDT was purified 1 )v rccrvstalisiiifi fro-n absolute aleobol, the melting point of pure 
compound being io8 5-109". The dip )le m uncut of /> /I'-DDT in pure molten state as well as in ben/cnc, 
carbon tetiachloride and dioxane solutions were determined and explained as due to free rotation of 
the groups along dilfercnt bonds The dehvdroehloiim.ted piodiut, . 7 >'-(Cl C6H4).^C = C'Cl2 being a 
svnimetrical compound i.s shown to be nonpolar The dipole moments i f the eompoiinds related to DDT 
have also been recalculated by appl\ing the new equation. The to\ii il> of the 0 ■ ni : p*- and p : /)'-DDT 
has been calculated by applying the law of mass action and it has been shown that the log of mortality 
coefficient iK) varies linearlv with the dipole m ment, /'•/>' I )IVI' w ith lowest moment (i.iD) being the 
most toxic compound in this scries 

The discovery by Muller (Swiss PalciU, 2:16180, rf)io) of the remarkable insecticidal 
properties oi DDT has created great interest. This product is obtained by condensa- 
tion of chloral (its alcoholatc 01 hydrate) with chloroben/ene, and consists essentially 
of a mixture of tw'o isomers, T-lrichloro-2 : 2'h/s-(/>-chlorophenyl)-ctluine, called p : i’'- 
DD'l' and trichloro-2-o-chloio[)lK‘nyl-2-/’-cirioroi)henylelhane (called o: /^'-DDT) together 
with minor constiluenls of o . o'-DDT (West and Cam[>bell, Chon. Ind.^ 1915, 20 , 
184 '. Studies leading to the discovciy of DDT as an insecticide were first presented 
by Lauger, Martin and Muller {HeJv. C'hini. .Ida, 1944, 27,892). 'I'he insecticidal 
properties of DDT and its related compounds have been reviewed in gieal detail by Haller 
(/. Jmo. ( hon. Soc., rc)45, 67 , 1561 ; Tud. /'.ng ( lion , Tops, 39 , 467) 

AUliough DDT is cl emically unreactive and stable to long boiline with water, it 
readily loses hydrochloiic acid to alcoholic aikab 01 on ineie boiling tofoiin /> : p'-bis- 
4-chlorophcnyl-(T : t '- diehloroethane, p : />'-(Cl.CoHi ^C"“CClj. This compound as well 
as 4 : 4'-dichloroben'/0[)hcnone and h/s- ' pchloiophenyl ’-acetic acid arc almost inactive 
both as stomach and contact poisons. According to Martin and Wein iXahne, iQlt, 
164 , 512) the toxicity of P : />'-DDT is due to its chemisorption at vital centres by 
interferences with essentia! en/yinc system aftei intei cellular decomposition to form 
hydrochloric acid and the ethylene deii\ativc. As the ethylene dei ivati\ e is nontoxic, 
the toxicity is ascribed to the hydrogen chloride Dii)henyltrichloroethanc also readily 
loses hydrochloric acid in i)reseuce ol alkali, yet it is i datively nontoxic An additional 
factor, lipoid solubilily of the molecule, as a wdiole, is therefore operative. The chloro- 
phcnyl group of the DDT is highly lipoid solubh . 

We have studied the dielectric piopeilies of DDT and related compounds with a view^ 
to correlating their insecticidal properties with the electric moments. 

E X r K R I M E N T A L 

The commercial DDT melts over a wide range of temperature as it coiPains different 
isomers and related compounds. The commercial DDT was recrystallised twice from 
absolute alcohol, melting point of the product obtained was io8.5"’-i09°, in agreement 
with the value reported by Haller cf al {loc. ri 7 .). The niolhcr-lupior contained o:i?'-DDT. 
p : /?'-DDT on boiling with cthanolic potassium hydroxide gave dchydrochlorinated pro* 
duct, I : i«^dichloro-2 : 2 -hi 5 -(/?-chlorophenyI)-ethylene, m.p. at 88-89°. 

DDT is relatively unstable at temperatures above 120° and in presence of metallic 

8— 1721P— 4 
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salts (Martiu el. al., loc, cii.). Molten DDT was found to decompose in presence of 
finely divided carbon. 

The dipole moments of DDT in pure molten form, as well as in benzene aud carbon 
tetrachloride solution, aud also of dehydrochloriiiated DDT were determined by the 
present author (Proc. Indian Sci. Cong., 1045, Pai’f Chem. Sec., Abst. No. 33). 
The dipole moments of 12 derivatives of diphenyltrichloroethaue were determined by 
Wild (Helv. Chim. Acta, 1044 , 27, Sga). These results have been recalculated by employ- 
ing the new equation (Jatkar ct at., /. Jnd. Inst. Sci., 1046, 28A, Part II), 


„_ (e-j)M 

d 


P^ 


d 


and 


P-Pr 


4»r A /r 

kf' 


for pure liquid and 


Pi. 


(f - t) (A/|/i -I- M.J2) 


d 


12 


= ^i/i + PJ. and P,-P. 


_ 4^NfJL^ 

kT 


for solutions. 

The corresponding electronic polarisation was calculated fioin the atomic refraction 
[cf. Eucken and Wolf, ‘‘Hand und Jahrbuch der chemisch physik*', 1035. ^ 6 ), A-B] 


1 results 

Temp 

are shown in the following table. 

Tabijc I 

I p p'-DJU (rt) . Pure liquid Pi 

it . 

’-^^5 9 

P . 

f .1 X in'8. 

M5" 

I 34« 

-.381 ' 

481 2 

J.<'S 

130* 

I 361 

2.852 

481.6 

1.03 

no* 

1.380 

2.884 

41^0.3 

I 03 

104* 

I 388 

2 . 9 <>> 

485 

1. 00 

/2- 

d. 

S‘*Uent =CCl4 Temp. = 25" 

c. 

ia ). 

P 2 - 

/X X 

0.05888 

1-545 

2.393 

631.7 

1. 12 

Wq . 

d . 

Solvent = dioxniie. Temp. = 25° (fl). 

*. Pi . 

/iX 10*8. 

0.1 1 15 

1.0633 

2.2614 

644 

1. 19 

/2. 

d . 

Solvent- ben7ene. Temp =20” (h) 

.. Pi . 

juX 10*8. 

0.00201 

0 8778 

2 2875 

566.119 

1 11 

O.OOC06 

0 8825 

2.2963 

571 87’ 

1. 11 

0.01023 

0 8910 

2.3080 

538 798 

1.03 

O.OI55I 

0.8990 

2.3205 

536.828 

1.03 

2. Dehydrochlorinattd ODT : Solvent = benzene. 

Temp. =27- 

(a). Pp*287. 

h 

d . 

«. 

Pi . 

/x X 10*8. 

0.01124 

0.8868 

2.2387 


0 


(a) Present author. 

(h) Recalculated from the data by H. Wild (1944)- 
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Substance. 

H 

Table II 

Table of iiioiiieiits 

fi X 

Substance. 

H 

1 

A* X lu'**. 

<i) Cl— < 

/ \ A y 

\ / i“\_ 

Cl ' (7) CHj— 

z>-r<- 

]>-CH, a.J4 


1 

Cl'^^'^Cl 

t'l 


CK , Xl 

Cl 

H 


(a) Cl — 

O-^C 

Cl'^^^Cl 

\_(J1 o.u (h) C^H— < 

o-f<" 

^CjHs 1-91 



ci^?^ci 

Cl 


(3I 

1 1 

1 

n 

CH, 

_ \ 
^ 106 <9) CH,— <( 

H 

x-fc 

CH. 

_/ 

CH. 2 1-! 


/^\ 

CK ^CI 

Cl 


/X 

CK 1 Xl 

Cl 



H 


CHa „ CH, 

_/ f 


(41 Cl— 

o-f<^ 

^ 1 5S (J'» ^ 

_>-fx 

> 


CK X'l 
Cl 

Cli/ 

cXc, 

Cl 

\ 

CH, 


H S? 

1 N 


CH, „ cn, 
/ *1 \_ 


(5) Cl- 


^ 1 v (11) CHj— ^ 


CH, 


c/Xl 

Cl 

H 


Cl 

H 


W Bi- 

-o-fc 

I |6 (IJ) CH.O— < 

o-K 

OCH , a. 


/(\ 
CK 1 Xl 

Cl 

H 

cr 1 Xl 

Cl 


<13) 


1 

)>-OC.H, 

a.5 



Cl 




No. 3— 13— Recalculated from the data bv 11. Wild (1944). 


No. I, a— Present author. 
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Discussion 

The results arc suiiiiiiarisccl 111 Table 1 1. The apj)licability of the new equation to 
the various solutions is I’ully borne out by the constancy of the results. The small varia- 
tions of the moment e.g., from i.oo to 1.05 in the case of pure molten liquid and also 
1.03 to I II in the case of benzene solution are within the limits of experimental errors, 
as also the moments obtained fioin dioxane and carbon tetrachloride viz., t. 12 and i.iqD. 
Taking the new values of bond moments, C — H 0.4, C — Cl (alipli.) 1.69, C — Cl (arom.) 
1.5, the average free rotation value along the various bonds comes to be the same as 
the observed moment for p:p'-DDT. 

The deliydrochlorinated comi)ound fC4H4Cl)oC = CClo is a symmetrical molecule 
and should not possess any moment, which is confiinied by the i>resent experimental work. 

Ill the case of dichlorodiphcnyltrichloroethane, the moment of p : p' compound is the 
least (i.iD) and that of the o : p' is the greatest (i.gD), ni.p' being intermediate (1.55). 

The momentvS of (Table of moments, Table ID /):/’'-ditolyl-(Muller, loc, 

3 : 3' : 4 : 4'- tetiamelliyl and 2 . 2' : | : 4'- tetiamethyl-diphenyltrichloroethane aio the 
same (viz., 2.1D) and which correspond to the free rotation along the HC — CCI3. 
Ill the case of 2 : 2' : 5 . 5'-letrainethykliphenyltrichlorocthane (West and Cninpbell, 
loc, cit.) the methyl gionps being at p : />' ])Ositi()n, the small moment due to CD, gioups 
is cancelled and the resultant inonKUt (i 66 D) is the same as that of diphenyltri- 
chloroethane (Mullei, loc, ni ). 

'J'oMcily and llic Dij'ole Monnnl of DDT and nlalcd ('on pounds 

It has been observed that in this seiies of compounds only DDT has highest insectici- 
dal pioperty. The mortality coefficients of tliCvSe compounds have been calculated by 
applying the law of uiiimoleciilar reaction, 

Im= / log 

i 100— V 

where x is the % of insects killed in time / (The full paper will be pulilished elsewhere). 
The values aic given in the following table 

TAI.1.E III 


Luiiipouud 

Mortalih locliKKiil /\ 

\ X 1()1^ 

Log A 

/> 

p’- DDT 

14 0 

I 10 

I 16 

)n 

/>'-DD'l 


1-55 

0.42 

t) 

p'- DDT 

I 3 

[ gr' 

0.21 


It is interesting to ia>inl out the linear lelationshii) between the logarithm of mortality 
coefficient and the dipole moment, as the nioinent inci cases, the mortality coefficient 
decreases, the compound DDT with lowest dipole inomcut (i.iD) being the most toxic 
insecticide {K = i4-6). 

Thanks of the author are due to Dr. S. K. K. Jatka* for guidance and to the Council 
of vScientific and Industrial Reseaich for the financial help during this investigation. 
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CONDKNvSATlON OK AI.DKHVDIuS WITH MALONIC ACID. PART XXVI. 

CONDICNSATION Ol' DIH VDR( iCINNAMAL^IvHYDK 

Raghun’ir Raj Biiandari \m> Kantilal C. Pandva 

Diliydruoiniiaiiialdch,v lie lias l)c-t*n ((iiidcnscd with nialoiiii atid under difkrLiit conditions. In tlie 
presence of p>ridine or pipciidinc, 7-ljcn/\ lon>i( nu at id is obtained, tlie \ieM of wliieh under certain con- 
ditions goes up to about 55V0. In the absence oi an\ (ondeining aLjt nt as well as under other conditions, 
the dibasic diliN drociiinain\ hdeiie-inalonu aeitl isobi.iincd, the n ic Id ( f which in a pure form does not ex- 
ceed 25%. it has not been described beloie in liteiatuie. 

Dihydrocimiainic aldcli>dc lia^ not liucn colKlc^^L(l with Pcikiii’s leagcnts, or 
with malonic acid outside this lahoinloiy . Kuiieii and Pandya (/. fndian Ciiem. 
Soc.y ic)34, 11 , S25) condensed it witli inaloiiie acid in the piesence oi [lyridine (0.15 mol.) 
by heating it on a vvatei-bath for 4 honis and leported a yieUl of 29% of y-benzyl- 
crotonic acid. 

This aldehyde is of iiaiticiilai inteu‘'t as it may be looked upon as being more 
aliphatic than its close lelative, einnainaldehyde . ioi , though both have a common 
phenyl gionp, that group is coiiiiee'led 111 ciiinaiiialdeliyde liy means of a conjugated 
double bund system, even beyond llie beii/ene ling, uilli Ibe aldehyde group ; but in 
dihydrocinnamaldehydc this last double lioncl outside the ling disaf)pcars and the re- 
activity of the aldeliydc group is now found to be considci ably impaired. Thus ciuna- 
maldchyde, like most of the otlier ben/aidehyde-deiived aioinalic aldehydes, condenses 
easily with malonic acid, giving a 96% yield of cinnainylidene-inalonic acid and 61% 
yield of the corresponding monobasic cinnamylidene-acetic acid (Citipla and Pandya, ibid., 
1947, 24 , 445). Dihydioeinnanialdeliyde, on the othei hand, has been so slow to combine 
that it give' about 25% yield of the dibasic acid and not more tlian 55% yield of 
the monobasic acid. 

Of the many condensation exiierimcnts made in this laboiatory, only a few 
typical ones are described in this pip ler The monobasic aciil came out in the presence 
of cither piperidine or pyridine. The dil)asic acid was obtained undei a variety of 
conditions, such as in ether, in glacial acetic acid, in the absence of any solvent or of 
any condensing agent, or with fairly long healing on the water-bath. It was a yellow 
substance melting at 198-99°. 

The dibasic acid, : C(C()OH)j, is claimed to have been prepared 

by Thiele and Meisciiheimei [Annaleu, 1899, 306 , 260; cf. Beilstein, Baud IX, 1926, 
p. 905) and is reported as S-pheuyl-«-bulylejje aa-dicarboxylic acid. They heated 
the isomeric 8-phenyl-/^-butylene-««-dicaiboxylic acid (m. p. ic6-io8®, decomp. ) on a 
water-balh with caustic soda for a long time, but their product melted at a low tempera- 
ture, 115-16''. Ruber (Ccr., 1904, 37 , 3123) seems to have prepared the same acid by 
keeping the isomeric acid with fuming sulphuric acid at room temperature for one month 
and his product had a slightly higher melting point, 124°. Both the workers depended 
on a shift of the double bond under rather drastic conditions, but there is no evidence 
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that the reaction had completed itself or that tlic pi odiict was not a mixture of the two 
isomers. On tlie other hand, the purity of the jiroduct in the condensation in the presence 
of pyridine, particularly in aliphatic aldehydes, is evident (Harding and Weizinann, 
/. Chem. Soc., igio, 97 , 29Q, ; vide also Beilslein, 1926, Band IX, i). 905). It is 
equally true that, as Boxer and ^instead (/. C7u’m. 1877, 31 , 738) have pointed 

out, the condensation of the aliphatic aldehydes gives on the whole a much smaller yield. 

E X P li R 1 3M E N T A L 

y-Dcnzyhiolonic. Add. — Dihydiocinnamaldchyde (i.34g.), malonic acid ('1.034 g ) 
and pyridine 10.13 c c.) (i: i: o 15 mol.) were healed on a water- bath for 11 hours. A 
semi-solid mass that appeared next morning was taken out as usual ; a milky white 
precipitate was obtained, melting at 101'', and, after recrystallisation (alcohcl), melting 
finally at 103.5-104". It agrees with the melting point 104'' given in literature (Fittig 
and Hoffmann, Annalcn^ 1804, 283 , 304; vide, Beilstcin, 1926, Band IX, p. 62ij. 
(F'ound ; Equiv., 177-5 J bcnzylcrotonic acid, CuHuO. requires equiv., 176). The 
yield of the pure acid was 13 8%. 

In 1:1: I mol. proportions, the same materials gave 18.5% yield, and healing at 
i2o'’-i30® for 7 to 8 houis gave 21% yield. With piperidine (3 drops) instead of [)yridine, 
and 8 houis’ heating at no‘' i.-'o , the yield was a little less, 18. 8%. 

Heating at i8u" for about 2 hours gave the mono-acid in the highest yield, namely 

55 %. 

Diliydwiivnamylidiuc-iiiulonic Acid. — The aldeliyde and the malonic acid wcie 
heated alone on a w'alei-bath for 5 hours ; the mass fused iu 2 hours and then became 
pink, solidifying gradually again after honis. After the usual treatment a yellow'isli 
product w’as obtained, m. p. 192.5-1035" (cffei vescence). After several rc crystallisa- 
tions the final melting point was igS-oo' (elTenesceiicej. (Found: Equiv., 110.88; 
dihydrocinnaniylidene-malonic acid, CjaHi Oi lequires equi\., no; the mono-acid re- 
quires equiv., 176). The yield ot the dibasic acid was 15 8%. 

The acid is soluble in alcohol, chlorolorm, acetone and benzene, less in ether, 
still less ill water and in glacial acetic acid. It decolorises Bayer’s reagent and bromine 
water. 

Healing for 7 hours, instead of 5, raised the yield to 20%, while a higher tempera- 
ture, iio°-ii5° (6 hours) gave 22% yield. Still higher temperatures or longer heatings 
decomposed the dibasic acid to the monobasic and gave mixtures of the two acids ; thus 13 
hours’ heating on a water-bath gave a product melting at 179®. Ten hours’ heating 
on a water-bath gave, however, pure dibasic acid in 25% yield. Heating with glacial 
acetic acid (Stuait, J. Chem. Soc., 1888, S 3 , 142) or with ether gave very poor yields of 
the dibasic acid. 

The thanks of the authors are due to Mr. Brahma Swamp (lUpta who made the first 
experiments in this laboratory much earlier. 


Chkmical Lapokatorv, 

St. John’s CouKtiE, Aora. 


Received April 19, 1948. 



LIGHT’S 

ORGANIC CHEMICALS 
& 

NATURAL OR SYNTHETIC DRUGS 

ABE THE BEST AND THE CHEAPEST 

L. LIGHT & CO. , are prepared to assist firms 

who wish to market new Organic Chemicals and 
Drugs. If the substance had never been produced 

in bulk before, the research needed to work out an 
efficient synthesis can be undertaken. 

Production on an exclusive basis undertaken for 
Clients. 

OVER 5,000 different Organic Chemicals stocked 
by our Sole Representatives: — 

THE SCIENTIFIC SUPPLIES 
(BENGAL) CO. 

“SCIENCE BLOCK” 

C 37 & 38, College Street Market, Calcutta— 12 

Telephone : B.B. 524 & 1882. Telegram : “Biti8ynd”Calcutta. 





HELVETICA CHIMICA ACTA 


The HELVETICA CHIMICA ACTA, founded in 1918, published in one 
of the three national languages the principal results of research work in pure 
chemistry carried out in Switzerland. The HELVETICA CHIMICA ACTA 
are property of the Swiss Chemical Society. Annually 7-8 numbers are 
published which members receive without charge. 

All correspondence concerning membership of the Swiss Chemical Society 
or subscriptions for the HELVECTICA CHIMICA ACTA should be addressed 
to the 

SWISS CHEMICAL SOCIETY BASLE 7. 


BOROSIL’ 

NEUTRAL LABORATORY GLASSWARE 

Available from all Dealers or Firm 

INDUSTRIAL AND 

ENGINEERING APPARATUS CO., LTD. 

CHOTANI ESTATES, PRCKTOR ROAD, BOMBAY 7. 
Branch Offices : 

MADRAS. 23-24, Second Line Beach. 

NEW DEILHI. Pahar Ganj Road, Krishna Market. 
MASULIPATAM. Kojiillipet. 




For Laboratory Requirements 

IV e can Supply 

ACID SULPHURIC 


Reagent Quality 


Specification: 


Nonvolatile matter 

... 0.0025 per cent 

Chloride (Cl) 

0.0003 

♦ ♦ 

Nitrate (NO 3 ) 

0.00002 

9i 

Heavy Metal (Pb) 

0.0002 

99 

Iron (Fc) 

0.0001 

99 

Arsenic (AS 2 O 3 ) 

... 0.00001 

99 

Ammonia (NH 3 ) 

0.0005 

99 

Srlenium (Se) 

0.001 

9 9 

Oxygen Absoibed (0) 

0.001 

99 


WE INVITE 

ORDERS AND ENQUIRIES 

FOR 

ACIDS AND CHEMICALS 
(REAGENT QUALITY) 


Bengal Chemical & Pharmaceutical Works, Ld. 

CALCUTTA ; : BOMBAY 


Office : 94, Chittaranjan Avenue, Calcutta 



Phone— B. B., 3176. 


Telegrams— Nadiaoheml . 


NADIA CHEMICAL WORKS LTD. 

C 44 , 45 & 46 , COLLEGE STREET MARKET, CALCUTTA, 

Manufacturers of 

1. C//£M /C /4 LS— Benzene, Toluene, &c., Bromine, 
Halogen derivatives of both Organic and Inorganic 
compounds and other fine Laboratory Chemicals. 

2. STILLS for distilling Essential Oils, Alcohols, 
Water, etc. 

RECTIFIERS, CONDENSERS, &c. 

3. OVENS, Baths &c for Gas, Oil or Electric heatings. 

4. Scientific Apparatus (PHYSICAL, CHEMICAL, 
BIOLOGICAL, &c. ) of both Glass and Metal. 

5. MICRO-ANALYSIS APPARATUS. 

Please ask Estimates, 


vm 



RATES OF ADVERTISEMENT 

Second and Third page of Cover ; Fourth page of cover (i.e. baok page) : 


Full page 

... Rs. 

35 

1 Full page 

... Rs. 

50 

Half page 

... Rs. 

20 

Half page 

... Rs. 

30 

Quarter page 

... Rs. 

15 

1 Quarter page 

... Rs. 

20 


' Other pages : 

Fu^l page ... ... Rs. 25 

Half page ... ... Rs. 15 

Quarter page ... ... Rs. 10 

The abt^e rates apply also to the pages of the Industrial and News Edition. 

10% Rebate alien ed in cases of twelve consecutive insertions. 

For fiirtlier information write to the 

Hony. Secretary 

INDIAN CHEMICAL SOCIETY 
P. 0. Box : 10857, Calcutta. 9 

ORAM : ‘ SIGAMKO” phonb : B.B. 4911 

Scientific Glass Apparatus Manufacturing Company 

11/2, HARTNATH DE ROAD, CALCUTTA-9 

MANUFACTURERS OF— 

T.ABORATORY GLASS WARES 
SPECIAL GLAvSS APPARATUS 

According to Specilicaltons 

REPAIRS of Complicated Precision Glass Apparatus are a Speciality 
ENQUIRIES SOLICITED 


IX 





Mill! 




A SAFE SEDATIVE & HYPNOTIC 


★ 


SLEEPLESSNESS 


HYSTERIA 


f ILIKIR 
VALIRUN 

enoM 

SffaaviSrSa 


CONVULSIONS 


BOTTLES Of 4 OZS. and I LBi 


ALEMBIC CHEMICAL WORKS CO. LTD.,BAR00A 




The Following Baok Issues of the Journal of the 
Indian Chemical Society 
are out of Stock. 

1948 Vol. 25 Issue Nos. 1—6 
1945 ,, 22 ,, 1 and 2 

1943 „ 20 I 

The above issues of the Journal will be purchased by the Society at the 
usual price of Rs. 2 per copy. Fellows and subscribers who can spare any 
one of these copies are requested to communicate with the Hony. Secretary, 
Indian Chemical Society, P. O. Box No. 10857, Calcutta. 


SIR P. C. RAY 70th BIRTHDAY COMMEMORATION VOLUME 
The undersigned is glad to announce that a few copies of the 
above volume containing (pp. 362) original memoirs and reviews of 
chemical and other sciences written by eminent scientists all over 
India and abroad are available at a price of Rs. 2-8-0 per copy 
including postage. 

D. Chakravarti 

Hony. Secretary, Indian Chemical Society 
P. O. Box No. 10857, Calcutta. 


XI 




Snformafion for Jlut^ors 


All papers intended for publioation in the Journal should be 
addressed to the Secretary, Indian Chemioal Society, 92, Upper 
Circular Road, Calcutta. Authors will ^et 30 copies of reprints free 
of ohar$i^e ; additional 20 copies may be supplied at Re. I per page plus 
cost of paper and postage on previous int^‘mation. Extra copies of reprints 
over 50 copies may be charged at the rate of Rs. 4/- per page plus cost of 
paper and postage. 

The requirements of the authors as regard extra reprints are to be 
intimated to the oflBce as early as possible prior to the final printing. 

Authors are requested to enclose line drawings of all the diagrams 
in their papers drawn in Indian ink on smooth white Bristol board. The 
drawings should be twice the size they will occupy in the Journal., 
Authors are particularly requested to reduce the number of diagrams 
to an absolute minimum. 

Communications which have appeared in any other journal sKaU 
not be published in this Journal unless this course is specially approved 
by the Council. 

r Authors are specially requested to submit clean typescript copies 
with double lined and marginal spacings. References should be inserted 
in the body of the subject-matter and not in the form of foot-note^ 
Analytical results should be written as (Found: C,...; H....; N,. etc. 
C,HyO, N HI S requires C,...; H,...; O,...; etc pet cent). 

Authors are requested to send brief abstracts not exceeding 25 lines 
along with paper to the Secretary's office. 

Papers are published mainly on the authors' responsibility and the 
Society takes no responsibility for the views expressed therein. 


Change of address should be Immediately Intimated to the office. 

No claims will be allowed for copies of Journal lost in the mail or 
otherwise, unless such claims are received within 90 days of the date 
of issue. 

All communications to be addressed to the Secretary, Indian Chemical Society 
92 Upper Circular Road, Calcutta. 


Cost of Single Issue Rs. 2 

Annual Subsoriptlon „ 16 (for Fellows) 

,, 20 (for Inland Subscribers) 

•9 24 (for Foreign ,9 ) 


I 



Noio Available Ex Stock 

THE LOVIBOND COMPARATOR 



For All Colorimetric Determinations 
involving 

Determination of pm Quantitative Analysis, Grading of Commodities, 
Medical, Pathological and Clinical Tests, etc., etc., etc. 


The Scientific Instrument Co., Ld. 

5>A, Albert Rd., 240, Hornby Rd., 11, Esplanade Bast, 29, Regal Buildg , 30, Monnt Rd. 
ALLAHABAD BOMBAY CALCUTTA NEW DELHI, 1. MADRAS 


II 




[ Jour. Indian Chcm. Soo., Vol. 26, No. 6, 1949 ] 


STUDIES ON THE TURBIDITY OF COLLOIDAL SUSPENSIONS OF LAYER 

LATTICE MINERALS 

By S. K. Sinha 

The changes in turbid ity of aqueous suspensions of b(‘ntonite, kaolinit(^ ami muscovite mica have been followed 
with progressive dilution, aful the relative iiit(‘nsities of seattere<l light, whir h is the reeiproeal of turbidity, are plotted 
against coneentratiou. All the curves show well defined maxima and the eon<'(‘ntrations of the eolloirlai^ salts corms- 
f)onding to the maxima depr-nd on the nature of the (‘xehangcMble cations, "fhe minerals studied show characteristic 
differences as regards the aliove I wo. 


According to Ostwald(“Lichtund Fabrein Kolloiden”, Dresden, 1924) turbidity of asuspension 
may be defined as the reciprocal of the intensity of light scattered by the particles in suspension. 
The theory of the scattering of light has been developed from various points of view. Rayleigh 
{PhiL 1899, 47, 375) studied the diffraction of extremely small particles as a 

hinction of size. 

I’he case of spherical metallic particles of large diameters was developed by Mie {Ann. Physik^ 
1908, 25, 377) and also by Dchyc (ibid., 1909, 30^ 57). Guns {ibid., 1912, 37, 88 ; 1915, 47, 270) 
investigated the influence of deviations from spherical shape. Rayleigh’s theory is shown to be a 
special case of Mie’s when the size of the particle is less than the wave-length of the incident 
light. As the particles become coarser in size, the intensity of scattered light increases till the size 
reaches the order of the wave-length of ihe light, after which the intensity decreases, preceded by a 
maximum. Mie’s theory has been experimentally verified by a number of investigators (Bechold 
and Ileber, h'oUoid Z, 1922, 31, 8 ; Gribiiaum, ibid., 1936, 77, 289 ; 1938, 82, 15 ; Casperson, ibid., 
1932, 60, 151) using colloidal solutions. 

In the experiments clone for the verification of Mie’s theory in the case of colloidal suspensions 
mostly hydrophobic sols were used. Colloidal particles of clay minerals have a layer lattice 
structure, and hence non-spherical in shape. Moreover, they are more or less hydrated and get 
dispersed in w'ater, the extent of dispersion depending on the nature of the minerals as well as on 
the exc hangeable cation saturating it. Thus, the well know'n high dispersily of alkali-saturated 
clays is taken advantage of in determining the clay content of soils. The amount of dispersion 
will naturally depend C)n the ratio of colloid to w^atcr, which is the usual dispersion medium. When 
therefore a colloidal clay is diluted with water, the original particles will no doubt be reduced in 
number, but they will produce by dispersion or disaggregation particles of smaller sizes, which will 
increase in number and become still finer as dilution proceeds, until a limiting size, if any, is reached. 
In view of these two non-cxchisive eflbcts it becomes interesting to follow' the changes in turbidity 
of aqueous colloidal suspensions of these minerals with progressive dilution. 


X r F. R I M F. N T A L 

The clay fractions obtained from (he following samples of minerals were used for the present 
investigation. 

1. Bentonite, containing the only clay mineral montmorillonite. 2. Muscovite mica. 
3. Kaolinitc. 

The clay fractions from the powdered bentonite and kaolinite were obtained according to the 
International Soda method (Wright, “Soil Analysis”, 1939). Sheets of mica were cut into very 
small pieces and then wet-ground in an electrically driven agate mortar and pestle. The clay 
fraction was afterwards separated by sedimentation. They were then converted into the hydrogen 
systems by continuous leaching with dilute hydrochloric acid, washed with distilled water and 
finally suspended in conductivity water. Portions of the hydrogen systems were converted into 
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the colloidal salts of Na, K, Ca and Ba (Mukherjee, Indian Soil Sci, BulLy 1 942, No. 4, p. 1 88) by adding 
ta them the corresponding alkalis in amounts equivalent to the base exchange capacity of the 
clays as measured by the method of Parker (J. Amer, Soc, Agron.y 1929, 21 , 1030). The mixtures 
of the clay and alkalis were kept for about a month to attain equilibrium. The colloid contents 
of the suspensions were calculated in terms of the hydrogen systems. The relative turbidity 
of the suspensions as obtained directly from the drum-head reading of the Zeiss Trubungsmesser, 
is the reciprocal of the relative intensity of scattered light recorded in the diagrams below. 


The colloidal salts taken from the stock solutions were diluted with known quantities of 
conductivity water in sleam-cleancd Jena bottles and allowed to attain hydration equilibrium. 
The turbidities observed from day to day varied until after about a week constant values were 
obtained. 


Table I 


Cunc. 

Turbidity. 

Rc< iprocal of turbi- 

1 ntensity lor 

IntiMlsily 

jHjr litre.) 


dity (i.f*. intensity). 

1 g. per litre. 

Xeom*. 



Potassium bentonite sol. 



0.2 Irt 

42.0 

0.(t240 

0.1 10 

— 

0.254 

38.0 

0.0263 

0 103 

- 

0.H05 

29.0 

0.0345 

0.113 

- 

0.280 

25.0 

0.01(H) 

0.105 

- 

0.610 

15.0 

0.0666 

0.109 

— 

1.220 

lO.O 

0.1000 

0.082 

- 

1.830 

9.0 

O.lllO 

0.0607 

0.203 

2.440 

11 0 

0.0900 

0.037 

0.219 

8.050 

13.0 

0.0770 

0.025 

0.234 

3.660 

18.0 

0.0555 

0.015 

0.201 

4.270 

21.0 

0.0180 

0.01 1 

0.201 

4.880 

27.0 

0.0370 

0.0075 

0.181 

5.490 

29.:. 

0.034() 

0.0061 

0.186 



Potassium kaolinite sol. 



0.2127 

14.0 

0.0714 

0.3355 

— 

0.2360 

13.0 

0.0769 

0.3258 

— 

0.266 

12.5 

0.0800 

0.3007 

— 

0.304 

12.0 

0.0833 

0.2740 

— 

0.3545 

11.5 

0.0870 

0.24.54 

— 

0.4254 

11.0 

0.0909 

0.21.36 

0.039 

0.6317 

13.5 

0.0740 

0.1390 

0.0.39 

0.709 

15.5 

0.0645 

0.0909 

0.015 

0.85 

19.5 

0.0512 

0.0602 

0.043 

1.7 

48.0 

0.0208 

0.0122 

0.0.36 

2..5r) 

82.0 

0.0122 

0.(H)47 

0.03J 

3.40 

166.5 

0.0060 

— 

— 


Potassium mica sol. 


0.027 

83.0 

0.012 

0.444 

— 

0.065 

47.0 

0.021 * 

0.381 

— 

0.110 

23.5 

0.0426 

0.386 

— 

0.221 

13.5 

0.074 

0.334 

— 

0.442 

10.5 

0.095 

0.^14 

0.042 

0.886 

15.0 

0.066' 

0.074 

0.058 

1.77 

26.0 

0.040 

0.022 

0.071 

3.64 

62.0 

0.019 

0.005 

0.071 


Similar results have been observed in other bentonites, micas and kaoUnitea but are omitted for want 

of space. 
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System. 


Sodium bentonite 
Hydrogen bentonite 
Potapsiurn bcntonito 
Barium bentonite 
Potassium kaolinite 
Barium kaolinitt 
Calcium koolinito 
Sodium mica 
Potassium mica 


Table II 

Colloid content corres- 
ponding to maximum 
inti nsity ing. per litre. 

3.05 
1.008 
1.8.30 
1.220 
0. 12.51 
0.:ii5J.5 
0..354.J 
0.442 
0.442 

Discussion 


Value of maximum 
intensity per g. of 
colloid. 


0.0280 

0.135 

0.0607 

0.001 

0.2136 

0.2560 

0.2JUJ7 

0.25 

0.214 


The variations of the relative intensity of scattered light of the different colloidal salts with 
concenlrafonare graphically shown in Figs. 1 - 3 . The following poinl, of in.crat emerge femh™ 

Fig. I 
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Fig. 2 



Com. in g./lxtrt'K\{). 

(5 Diviis.— 

All the curves show well defined maxima ; the concentrations of the colloid*il salts corres- 
ponding to the maxima depend on the nature of the exchangeable cations ; and the minerals 
studied show characteristic diflcrences as regards the above two. 

The sizes of the colloidal particles vary within a wide range. The size distribution is not 
known, but the largest particles are of the order of 10'“* cm. and the smaller, of the order of 10** 
cm. Moreover, the particles are non-spherical in shape. Rayleigh’s theory is therefore appli- 
cable to these systems only in a restricted sense. 

The curves showing the maxima are similar to the intensity of scattered light size variations 
as demanded by the theory. A progressive change in particle size with dilution is thus indicated. 
This appears to fit in with the following picture of the state of affairs. In the most concentrated 
sols studied the minerals happen to be considerably aggregated, the particle size of the aggregates 
being large enough to obey Mie’s theory. Dilution decreases the number of aggregates, as 
well as breaks them into those of smaller sizes which are still large enough to obey Mie’s theory. 
Towards the initial stages, i.e. the low dilution range, the latter effect appears to be prominent. 
The right hand part of the curve, which is hyperbolic in nature, depicts this condition. The 
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constancy of the product of the relative intensity and colloid concentration (cf. Table I, column 5) 
corroborates the same. At higher dilutions disaggregation takes place to a greater extent and the 
elTect of particle size becomes more and more predominant. The particles having the critical 
sizes necessary for Rayleigh’s law to hold good gradually increase in number so that the intensity 
of scattered light begins under the circumstances to decrease. The two opposing cfTccts give rise 
to a maximum after which disaggregation no longer takes place, at this concentration of the 
colloid corresponding to the maximum it disperses into the ultimate size. Further dilution there- 
fore causes a decrease in the number of these smallest particles. Since the cflect of particle size 
is more predominant, the decrease in the intensity (I) of scattered light after the maximum is very 
sharp. The fact that the value of / in the range of high dilutions after the maximum is almost 
constant (vide Table I, column 4), when expressed per unit weight of the colloid, suggests that 
dilution in this region causes only a proportionate decrease in the total number of scattering 
centres, /.c., particles. This can only happen if disaggregation is complete at or about the 
maximum. 


Fi<i. Fio. 4 



Conir in y. /litre 



It will be seen from Figs. 4 and 5, in which the colloids saturated with the same kind of 
cations have been compared, that the maximum values of I z.c., the minimum turbidities occur 
at a higher concentrations of the montmorillonite than either the micas or kaolinites. This shows 
that the breaking up of the aggregates is complete at a higher concentration of the former than the 
latter. The mica and the kaolinite seem to show the maxima almost at the same concentration. 
This is expected if one takes into consideration the crystalline structures of these minerals. Mont- 
morillonite is krtown to have a very open structure and to swell markedly in water. It is there- 
fore highly unstable in its interaction with water. Mica and kaolinite have, on the other hand, 
compact structures and interact slowly with water so that disaggregation goes on up to very high 
dilutions. 
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' The concentrations at which the minimum values of turbidity occur, as well as values of 
the latter, depend markedly on the nature of the saturating cation. In this connection the figures 
given in Table II are illustrative. The colloid content corresponding to almost the same order 
of the turbidity are much greater in the case of montmorillonites than in the micas and kaolinites 
{vide supra). The values of the maximum intensity expressed on the basis of 1 g. of the colloidal 
salts (column 3, Table II), when considered for a particular mineral, show a difinite lyotrope 
effect of the saturating cations. For instance, the orders are : H> Ba> K> Na in montmorillo- 
nites ; Ca^ Ba^ K in kaolinites ; and Na^ K in micas. K is a constituent of the mica lattice 
and causes a greater dispersion and a higher turbidity of K-mica compared to Na-mica suspensions. 

Fig. 5 



A comparison of the curves in Figs. 4 and 5 further shows that at the same concentration 
of the colloids, montmorillonites have much higher values of turbidity than the micas and the 
kaolinites. This once again points to the much more compact structure of the micas and kaoli- 
nites and the highly dispersed nature of the montmorillonites. 

The author’s thanks arc due to Dr. S. K. Mukherjee of the University College of Science and 
Technology for suggesting the problem and giving laboratory facilities and to Dr. N. K. Sen, 
Head of the Department of Chemistry, Presidency College, for his kind inteicst. 
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Calcutta. 


Recckicd January 29, 1949. 
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LOSS OF NITROGEN IN BACTERIAL NITRIFICATION 
By N. R. Diiar and M. C. Pant 


(Vjutrary to tho gononilly accc'piod that nr» mark(*(l losa of iiitroc;on takoH placo during b.-iftoriul nitrification 
of nitrogenous compounds, it has been oiiscrvcd that approx iniatcly half ol the total nitrogi'ii is lost in tho iiitrilleatiuii 
of hippurie acid, oibeaki', uric acid, en'atiiu* and fibrin. With ammoniuin ph(»sphat(‘, sulphati', [xasulphate and urea 
tlic loss of nitrogen is more than half. 

This loss has b(M‘n (‘\])lanic<l from the vi(‘w-point that iliiring the process of nitrification, amiuoniuni nitrite is 
produced as an interniodjiito product, vvliieh decomposes into water and nitrogen. The loss may also partially be due 
to the (h'com position of nitrous acid, (xs^xs ially when the />h is less than 7. 

The presence of carbonaceous substances retard the velocity of oxiilation of ammonia to nitrate by acting as nega- 
tive catalysts. 

In previous puldications ( J- hidian (Jinn. Sue., 1935, 12 , 67, 75 ; 1936, 13 , 555 ; 19311, 15 , 583) 
it has been shown that marked losses of nitrogen take place tlurinj^ the nitrification of orgjahic 
and inorganic manures in soil cultures. Also the experiements at Rotharnsted fields reveal that when 
100 lbs. of nitrogen per acre arc added, approximately without benefit to the soil 

or the crop. 

On the other hand, the position regarding the bacterial nitrification in liquid cultures 
has been stated by Russell (“Soil Conditions and Plant (howth”, 1932, p. 328) as follows 

“The essential farts of nitrification are readily demonstrated by putting a small quantity 
of soil — .0.2 to 0.5 gram into 50 c.e. of a dilute solution of ammonium sulphate containing nutrient 
inorganic salts and some calcium or magnesium carbonate but no other carbon compound. After 
three or four weeks at 25 ’ the ammonia is all gone «ind its place taken up by nitrates. The con- 
version is almost (luantilative, only an insignificant quantity of nitrogen being retained by the 
organisms.” 

In order to explain the difference in these observations we have undertaken a systematic 
research on the problem of nitrogen loss during bacterial nitrification of different substances, both 
organic and inorganic in liquid cultures. 


Experimental 

The following medium was prepared for the growth of the nitrifying bacteria : Potassium 
phosphate (K2HPO4), 1.0 g ; sodium chloride, 2.0 g., ferrous sulphate, 0.4 g., distilled water, 
1000 c.c. and magnesium carbonate, excess (0.5 g. per 100 c.c.). 

After shaking the medium, 50 c.c. of it were taken in 200 c.c. conical flasks which were then 
plugged with cotton wool and were sterilised in an autoclave at a pressure of 15 to 20 lbs. for half 
an hour. A 10% solution of ammonium sulphate was prepared and sterilised separately. 
From Ic.c. to 10 c.c. of this solution was added to various flasks containing the sterilised media by 
a sterile pipette. For obtaining the nitrifying bacteria, one gram of fresh garden soil was inocu- 
lated into each experimental flask. The flasks were then incubated at 35° for a period of seven 
to eight weeks. A 10% solution of ammonium persulphate or ammonium phosphate was used in a 
similar manner as in the case of ammonium sulphate. For experiments with substances like 
. hippurie acid, urea, oil-cake, fibrin etc., a known amount of the substance was weighed and placed 
in the flask containing the medium. The flasks- were then sterilised along with these nitrogenous 
substances, The analysis was performed in the following manner. 
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The ammoniacal nitrogen was estimated colorimetrically by Nessler’s reagent. Nitric nitrogen 
wasreduced by Devarda’s alloy to ammoniacal nitrogen and then estimated as above. For total 
nitrogen, the Kjcldahl method was used. The following results have been obtained. 

Table I 

Ammonium sulphate as the source of nitrogen. 


Original N conti'iit 

Ammon. N 

Nitric N 

Total N 

N lost. 

% Loss of 

8<)ln. Nitr<)g<‘n. 

lott. 

formod. 

l(4t. 


nitrogon. 

10.0 0.0. 0.2121 g. 

0.132S g. 

0.0178 g. 

0.1506 g. 

0.0615 g. 

38.0 

7.0 O.US.”) 

0.0770 

0.0160 

0.0036 

0.0540 

27.1 

B.O O.KMU 

0.02KO 

0.01.52 

0.0441 

0.0620 

5S.4 

2.0 0.0424 

0.0031 

0.0118 

0.0140 

0.0275 

6t.6 

l.f) 0.03 IK 

0.0010 

O.OO.SO 

0.0000 

0.0210 

68.5 

1.3 0.027r» 

O.OOOS 

0.0041 

0.0040 

0.0226 

81.8 

l.O 0.021(t 

0.0005 0.003 1 0.0030 

Table II 

Ammonium persulphate ahe .source of nitrogen. 
Period of incubation : 30-7-47 to 20-9-47. 

0.0171 

82.0 

Original N oontont 

Ammon. N 

Nitric N 

Total N 

N lost. 

% Loss 

Soil). Nitrogon. 

1(41. 

fornKsl, 

l(‘tt. 


of N. 

10.0 o.c. 0.3ir>8 g. 

0.242S g. 

0.0310 g. 

0.2738 g. 

0.0420 g. 

1.^.3 

7.0 0.2211 

0.1 172 

0.0220 

0.1602 

0.0510 

23.1 

5.0 (t.l57!) 

0.088K 

0.0182 

0.1070 

0.0500 

32,2 

3.0 0.0047 

0.0272 

0.0142 

0.0414 

0.0533 

56.3 

1.0 0.0310 

0.(K)00 

0.0J13 

0.0113 

0,0203 

6L2 


Table III 

Ammonium phosphate as the source of nitrogen. Period of incubation : 20-12-47 to 27-2-48. 


Original N content 

Ammon. N 

Nitric N ' 

Total N 

N. losi 


ISoln. 

Nirtogcri. 

l(4t. 

formed. 

left. 


of N. 

7.0C.C. 

0.1485 g. 

0.0718 g. 

0.0180 g. 

0.0894 g. 

0.0.591 g. 

39.8 

5.0 

0.1061 

0.0328 

0.0072 

0.0100 

0.0661 

62.3 

2.0 

0.0424 

0.0069 

0.0055 

0.0124 

0.0.300 

70.7 




Table IV 





Gelatine as the 

; source of nitnigen. Period of incubation 

: 20-12-47 to 27-2-48. 


Original N content 

Total N 

Ammon. N 

Nitric N 

N lost. 

% Loss 

Subs tarn 

c. Nitrogon. 

l(4t. 

form(*d. 

formed 


of N. 

40.0c.c. 

0.0092 g. 

0.0517 g. 

(MM)72 g. 

0.0102 g. 

0.0475 g. 

47.8 

20.0 

0.0496 

0.0204 

0.0017 

0.0041 

0.0292 

58.8 

10.0 

0.0248 

O.W)8l 

0.(MK)H 

0.0022 

0.0167 

67.3 




Table V 





Urea as the 

source of nitrogen. Period of incubation 

: 4-8-48 to 23-9-48. 


Original N content 

Total N 

Ammon. N 

Nitric N 

N lost. 

% Loss 

Substance. Nitrogen. 

lc4t. 

formed. 

formed. 


of N. 

0.4286 g. 

0.2000 g. 

0.1202 g. 

0.0101 g. 

00197 g. 

0.0798 g. 

39.9 

0.2143 

0.1000 

0.0486 

0.0063 

0.0122 

0.0312 

51.2 

0.1072 

0.0500 

‘ 0.0198 

0.0024 

0.0062 

0.0302 

60.4 
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Table VI 


Huppuric acid 

as the source of 

nitrogen. 

Period of incubation. 

29-7-48 to 

17-9-48. 

Original N content 
Substan<'(‘. Nitrogon. 

'I’otal N. left. 

Ammon. N 
formed. 

Nitric N. 
foriruMl. 

N lo^-t. 

% Loss 
of N. 

2..5.^i72 g. ().2()0() g. 

0.0112 g. 

0.0125 g. 

0.0125 g. 

0.0798 g. 

39.9 

1.278G 0.1000 

0.0.'>(K) 

0.0007 

0.007:i 

0.0500 

50.0 

0.C394 0.0500 

0.0210 

o.oo:i 2 

0.0011 

0.0200 

58.0 


Tabie VII 


Oil-cake as the source of nitrogen (Nitrogen content of oil-cake uscd=5.0'’{^) 
Period of incubation .'1-8-18 to 28-9-18. 


Oiiginnl N 
Subsliime. 

eont(‘nt 

Nitrogen. 

Total N lofl. 

Ammon. N 
foi med 

Nitric N 
torin(‘(l. 

N loa. 

Ld" 
ol N 

4.0 g. 

0.2000 g. 

0.I2.)H g. 

0.0004 g. 

o.oir);! g. 

0.0732 g. 

30.0 

2.0 

0.1000 

0.05 i;i 

0.0011 

0.0037 

0.0 187 

48.7 

l.O 

U.0500 

0.02 i:i 

0.(KI14 

0.0020 

0.02S7 

57.4 


J’abll VTIl 


Uric acid as the source of nitrogen. Peiiod of incubation : 23-7-48 to 10-9-48. 


0 rig i Hill N 
Siif)st,nicc. 

roiilcilt 

.Nitiog(‘ii. 

Tol<il N leil. 

Ainiiion. N 
OhjiumI 

Nil in N 
f<»i med. 

N 

Losh 
of N. 

0.00 g. 

0.2000 g. 

0.1221 g. 

0.0002 g. 

0 0025 g. 

0.0770 g. 

38.8 

0.30 

0.1000 

0.051 1 

0.0051 

0 0021 

0.0480 

48.0 

0.15 

0.0500 

0.0218 

0.0010 

0.0015 

0.0282 

50.4 


Table IX 


Fibrin as the source of nitrogen (Nitrogen content of fibrin u«ed— 14.7‘’(,) 
Period of incubation : 29-7-48 to 17-9-18. 


Original P's content 
SuKstaine. Nitrogen. 

Tot<i] N left. 

Ammon. N 
toimed. 

XltlK X 
rormcd. 

N lo"^!. 

% Loss 
ol M. 

1.40 g. 

0.20.‘>8 g. 

0.1327 g. 

0.0005 g. 

0.0351 g. 

0.0731 g. 


0.70 

0.1020 

0.000 1 

0.0048 

0.0021 

«).042S 

41.7 

0.35 

0.0515 

0.0250 

0.00 10 

0.0013 

0.0250 

50.3 


Table X 


Creatine as the source of nitrogen. Period of incubation : 23-7-48 to 10-9-48. 


Original N content 
Substance. Nitrogen. 

Total N left. 

Ammon. N 
formed. 

Nitric N 
formed. 

N lost. 

% Loss 
ofN. 

0.6238 g. 

0.2000 g. 

0.1260 g. 

0.0081 g. 

0.0038 g. 

0.0740 g. 

37.0 

0.3110 

0.1000 

0.0538 

0.0043 

0.0022 

0.0462 

46.2 ■ 

0.1660 

0.0500 

0.0240 

0.0024 

0.0013 

0.0260 

52.0 
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Discussion 

The fore^()in^ cxpeiiniental losiihs show that even diiiint^ the process of nitrification of 
ammonium salts or other nitioi’enous compounds, under conditions cpiite favourable for the growth 
of bacteria, there is a considerable loss of nitrogen. I’he mechanism of reactions involved in 
liquid cultures .ipf)cais to be the same .is in soil cultures when nitrogenous manures arc added to 
the soil undci the field oi laf)oratoiy conditions. 

The loss of nitrogen during the nitrification has been explained by us on the view-point 
that during nitrification, the ammonium ions and nitrite ions, present simultaneously, combine 
to give ammonium nitrite, winch being an unstable compound decomposes into water and nitro- 
gen. In case ol soils having a /;ii greater than 7, some nitrogen maybe lost as ammonia gas ; 
but under ordinary conditions, on adding nitrogenous manures, the p\\ goes to the acid side and 
the loss may be paitialK due to the decomposition of nitrous acid according to the eepration : 

^lINOj ^ ^ 2NO I HjO f UNOj. 

Our results further show that the loss of nitrogen and the nitrification are much moie pro- 
nounced with ammonium salts than with othei nitrogenous substances. The gr*eatei loss in case 
of ammonium salts is due to the possibility of laigc'i amounts ol ammonium nitiite being loimed 
on account of the easy nitrification o( the ammonium ions pi'esent. In the case ol substances like 
oil-cake, creatine, Irjriin and uric and, the loss is less, as is clear horn the lollouing table. 


T\]ui XT 


No. 

Nnl)st<ni< 

NitfK N 

% ‘‘f x. 

\o 

inrtN 

NitiK N 

Loss of \ 



i(iri)) (1 




ioi IIK (1 


1. 

.Vnirnoii. pho'Hph.itc 

7 Jiii'i 

(»2 -t 

<) 

Oil ii\\\V 

:! 7 livr 

IS7 

2, 

Arniiion. siilpli.ito 

I.') 2 

oS t 

7 

III! i( kI 

2 1 

4S a 


.\mmoii, pel's!!!])!! ite 

\A1 


8 

Ok atiiK 

) j 

11)2 

I. 

( Vea 

\2 1 

:>] 1 


Til)! Ill 

2 II 

11 7 

T). 

Hij)piiii( <vn(l 

7 •! 

.VU 0 






In substances other than ammonium salts, the nitrogen is present in a cornple.x condition and 
hence is slowly niliified. Moreover, they contain carbon along with nitrogen and the carbonaceous 
substances present err formed act as negative catalysts and retard the oxidation of the nitrogenous 
compounds and the consequent loss erf nitrogen. 


Chkmical 

PNisrH^ns, Ali\itm{\i>. 


Iifninil Jcoufunf JS, lOtO. 
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ESSENTIAL OIL FROM THE LEAVES OF BUL 

[AKGLE MARMELOS) 

By K. K. Basias and S. S. Dkshaj’andk 

Kssditial oil is extractod Irom iIk' lo.ivrs of AnjU tHnnmfns. iN tliu'i i- Imiiul to lx* *.< </- plirllaiidrcno 

wliicli idnns .il)oiit oC tli(' oil. 

The tree of At* i^le warmrlos^ popularly known in vernacular as Bel and in Sanskrit a.s ‘Bilwa’ 
is indigenous to India and Belongs to the family of Rutaceae. 

d he earliest reference to the essential oil extrai ted fioin the lca\es ol the plant is found 
in Cjildmeister and Hoffmrnann’s treatise ('The Ihhereal OiK, \'ol. Ill, p. (HIB. Idu* relevant part 
of the refeience is quoted below' : — 

“According to a coniinunicalion by Ritsemma ( J aal de*p. landb. in Nedlnrlic Batavia, 
1^08, p.52j the leaves yielded upon distillation about of an oil with a light vellow colour, 

> ^h85(); [ t\ I 10.71. Distillation resulted in th(‘ following Iractions : 

I (up to 100 ), Jg. 11 (100 to 180 ), 5.1g., ill (180 lo 1()0 I. Ig. K(‘siduc, l.f) g. 

Fraction II contained litnonene whir h was chai'at ter ised b) its boiling ])oint (175 ; and its 
teti\d)r'oniide (in.]). 101 ). Aldeh)d(‘s could not be d(‘lei ted. ( )n j)i'olonged standing the oil 
becomes viscid.'’ 

Dikshil and Dutta {J. Indian Clinn. Ser., 1080, 7. 759 > f‘\tiatt(‘d dried leaves of the 
plant with vai’ious solv'cnts and obtaineil tannin, rcdiuing sugars^, etc. I hey make no 
I'efeience about the (xcuirence of the terpenes or an) odorilerous component which obviously must 
hav(^ be(‘n lost dining the div'ing ol leaves. With a view tlnaeloic t<' a-^c ci taining tlu* chemical 
composition ol the oil of Indian source we have exti'ac'ted tht* oil fioin li’c‘sh l(‘av(*s ol Bel the com- 
position of which ("Fable 1) differs widely from that oi the oil ri‘liMred to by (lildmeistei and 
Hoffmann {lac. cil.). 

The leaves on steaiii-distilkilion gave an oil in d.O”,, yic*ld. It v\as noticed that the yield ol 
the oil from >oung leaves was somewhat greater than horn tin- mature leaves. Fhe oil gave the 
following pr’ojMM tie^. 


'F\ina. 1 


1. r/ 

II. )/31- 
111. I ]„ 


n..st7i) 1\. V«iil\.ilin 

I.IT-in Sa[)nii. \,»liic 

,72.1 V 1 . ^ 'itral y niilt nl ul oil ^ 


‘ \^y the JuetlMMl ol t liioseim* .irlMZule ot Iheh lille aihl Snc.uim (/’m/ \ Oil A'm 192S, 19. t7) 


L».9 

Ih.l 

:i.7()% 


On careful fractionation of the oil under reducetl pressure three fractions were collected whose 
properties and % yield are shown in Table 11. Fraction I constituting about 56'X, of the oil is pre- 
sumed to be a single substance, as on repeated distillations under atmospheric pressure it boiled 
within a narrow range of 173" to 175". Ciuantitative analysis, however, slmwcd that this fraction 
consisted mostly of a terpene mixed with a small proportion of an oxygen containing compound. 
The terpene formed a nitrositc (m.p. 105°). From the boiling point of the lerpenc and the melting 
point of its nitrosite, as also from other properties shown in Table III, the terpene has been iden- 
tified as << -f/-phellandrene. 
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The oxygen containing compound'intimately mixed with the terpene gave reactions of cineol. 
Thus fraction I, when shaken with syrupy phosphoric acid, gave a semisolid mass on cooling which is 
a characteristic of cineol. Fuithcr, when this fraction was warmed with a little iodol (tetra-iodo- 
pyrrole, C 4 I 4 NH) the additive compound of cineol and iodol separated as a yellowish green 
crystalline mass (cf. Beitram and Walbaumm, Auh, Phatm., 1897, 235, 178). The quantity, 
however, was insufficient for further purification by crystallisation. These products of cineol were 
compared by us with the corresponding products which we prepared from pure cineol isolated 
from authentic specimen of eucalyptus oil. 

The separation of -^-phellandrene fiom cineol in fraction I was efTected by w'ashing the 
fraction w'ith 50% aqueous lesorcinol in which the cineol dissolved (in the form of its addition 
product with lesorcinol) (SJ/. Bo., 1907, 5, 32). d’he phellanclrene which temained un- 
dissolved gave on puiification and analysis results agiecing with the composition C,oH, 6 . The 
cineol separated from resorcinol solution on addition of alkali and boiled at 17G^. 

The nitrositc of phellanclrene prepaied by us melted at 105 , but on lecrystallisation its melting 
point rose to 113 . Read and Storey {J. dum. Sm., 1930, 2770) piepaiecl nitrositc of ‘N-</-phe- 
llandrene which they obtained from pipeiitol by dchydiation. The authors mention that the 
melting point of their nitrositc rose after crystallisation from 105 to 110 and finally to 115\ 

We have noted like the previous obser'vers that the optical rotation of the nitr'osiie of cv-r/- 
phellandrene is opposite in direction to the rotation of the phcllandicne itself, 'rhus i\-r/-phe- 
llandrene forms a laevo-\oi?iio\\ nitrositc (Wallach and Rcsdike, Annaltn, 1901,336,40), while 
o< -/-phellandrcne forms a de\iio~\oU\io\) nitrositc (Read, J. iJum. Sw., 193b, 1597). The spe- 
cific rotation of the nitrositc of -r/-phcllandrene piepai’ed by us was -47 and it does not agree 
with the value given by. Wallach, which is -138 . Although we cannot explain the discrepancy 
at this stage, it must be pointed out that the phcllandrenes as well as their nittosites are very 
unstable. Different rotations ha\e been recorded for phcllandrenes obtained from clifieient 
sources (Table III). The nitiosites of phellandiencs in solution exhibit mutaiotation. Ihus 
Read {lot, cit.) recoixls that the rotation of -nitrositc of cs -/-phellanclrene changes horn | bl 8 
to -f-l 30'’ in 48 minutes and to -45.8 in 1 15 hours. We observed that the rotation of the <\ -nitrositc 
of i\ -i/-phcllandrenc prepared by us changed from -47' to -[ 42. f) in 3 days. 

Fraction II boiling between 104'' and 13(r HO rnm. was redistilled at atmospheric pre- 
ssure when most of it passed between 205 and 208 . It r'cduced Fehlings solution and showed 
general reactions of an aldehyde. I’he bisulphite compound of the aldehyde v\as prepared by 
the method of Ticmann {Ber.^ 1898,31, 3307) and the semicai ba/one, prepared directly from 
the bisulphite compound (Tiemann, loc. tit.), melted at 84 . From its boiling point and the 
melting point of its semicarbazone the aldehyde was identihed as citionellal. Fraction II and 
the two derivatives (the bisulphite and the sernicarbazone) were compared by us with the pure 
citronellal (prepared from Java citronella oilj and its two derivatives. 

Fraction III began to distil above 210® at atmospheric pressure, but it soon became thick 
due to polymerisation. This also gave reactions of an aldehyde. Its bisulphite compound was 
prepared by Tiemann’s method and directly from the latter the sernicarbazone was prepared 
in presence of free acetic acid (distinction from the method for preparing citronellal sernicarbazone). 
On crystallisation the sernicarbazone melted at 163®. From the boiling range of the aldehyde, 
the formation of its sernicarbazone in presence of free acetic acid, and the melting point of the semi- 
carbazone, the aldehyde was identified as citraJ. The aldehyde and its derivatives were compared 
by us with pure citral (obtained by us from pure lemon grass oil from Holland) and its deriva- 
tives. 
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R X P K R I M E N T A L 

Isolation of the Essential Oil. -T he essential oil was obtained by steam-distillation oC the 
leaves from a copper still fitted with a spiral copper condenser. T he oil separated from the 
aqcuous distillate as a light yellow layer floating over water. It was carefully separated from 
water which was returned to the still for next distillation. The oil, dried over calcium 
chloride, gave properties, shown in Table T. 

Fractionation of the OH. The oil (BO c.e.) was fraclionalK disiilled at ITl) mm. pressure. 
Three fractions were collected ; the boiling ranges, percentage ields and properties of the 
fractions are sliow'n in Table II. 


T’aiu.k T1 


No. 

u. 

Vol. 


I 

t l'‘s. 


(KIO nun.) 



8. (). <0 

iM.p. (»t tluir 





pil'tM l(‘. 

vativi's. 

1 

80 104' 

I.') 


I7:t 171 

Xitro^itr, 10.7" 

JI 

lot -lao 

17 

:2I 

2o:> JOS 


lit 

j:io 100' 

7 

<1 

Ahti\<' ‘JHl 

1! UH"' 


Isolation of Eure c\‘(l-Plu'llan(l)enc ffoni Ftaclion — T’his Iran ion was distilled at atmospheric 
pressure when 40 c.c. were collected between 17T and 174 . The distillate was shaken w4th 
50»;. aqueous resorcinol which dissolved cineol. The phellandrene rem. lining undissolved was 
rcj)eatedly washed with water till free from resorcinol ; it was dried and distilled from a flask with 
a fractionating column. The jiortion boilinu at 174 was anahsed. (Kcmnd : T, 88.0; H,11.7. 
C|oH| 6 re([uires C, 88.2 ; H,1 1,8 per cent). 

Isolation oj (aneot. -Fioni die aqueous rcsoiciuol '^(^lutiou ilu' cini'ol w<is liberated by 
adding alkali, shaking vigorously and then extracting with ciIkm'. On diving and removing 
the solvent the residual liquid boiled at 17(3 . 

1 he \itrositc. T’o a solution of li action I (10 c.c.y in ])elioieuin ether (20 i.c.j was added 
an aqueous solution of sodium nitriU' (lOg. in 15 c.t.L >\fter Looling well by freezing mixture 
glacial acetic acid (10 g.) was gradually added w hen tlic nitroMte began to separate as a w'hitc 
crystalline mass which was filtered, washed with water and fmally with metlnl .ilcohol. The 
crude dry nitrosite was purilied by dissolving in chloiofonn and i)i'i*( ijjit.iting b\ the addition of 
methyl alcohol. It melted at 105 . By repeating the above pu'ccss m.j). lose to 114'b 

The nitrosite dissolves lieely inchlorol()rmand shows oj^iii .il n)talion, [ cs |ii - 17 in that solvent. 
A comparison between the properties of the phellandrene obtained fioin th(* essential oil with 
those of this terpene described in literature is made in Table 111. 

Taiu.e III 


No. 

Pr()|)c’rt ioH. 

Ei'.u'tidn I. 

<\ -rl 

I. 


17:V to 17 F 

17l! (IVm-i, JUi, lS8U, 19, 874) ; 17.7’ to 170 (t)Otaiiu‘il Inun finger 
' oil, W.illiaiini juul llulliig, J. juakt. ('turn., I0t>5, o’, 71» 

IfiO). 

II. 


1.477 (at ;tT) 

1.488 at. lir. 

III. 

1 «: ]d 

H-49.r 

-1 11. t'" (Walluuiin & liritliiu hu'.cit.). 

• 17.0 1‘" tlV^(•i, !()('. rl(.) 

00. 21” ((Jildnioisti*]' an<l Slcpla'n.s, Arch. Phram.,) 1897, 

235, 691.) 

IV. 

M.p. of nitrosite 

10“)® 

105® (Read ^ Storoy J. (^hem. 1930, 2770.) 
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The o< -«/-phelIan(lrene was prepared by Read and Storey [ln(. cit.) by dehydration ol' rf-pi- 
peritol which was shown by Simonsen {Indian Forest Recordt, 1924, Part VIll, p. 10) to occur in 
the essential oil of a species of Andropogan growing in United Provinces. 

Sodium Bisulphite Compound and Semicarbazone of Citronellal. -Fraction II, which when distilled 
at atmospheric pressure, boiled mostly between 205” and 2011 . A cold saturated solution of 
sodium sulphite was added to 2 c.c. of this fraction kept coolby icc. On adding gradually 
glacial acetic acid (equivalent amount) and vigorous shaking crystals of the bisulphite compound 
began to separate. These were filtered off and freed from the adhering oil by pressitjg between 
filter papers and drying on a porous plate. 'I’hc crystals were dissolved in e\c('ss of water and 
to the clear solution was added a strong solution of semicarba^ide hydrochloride and sodium 
acetate. On co(jling by freezing mixture anti vigorous shaking the semicarbazone separated 
which was filtered olf, dried and recrystallised from alcohol, ni.p. f!l’ (citronellal semi- 
carbazone, m.p. 80°. ) 

Sodium Bisulphite Compound and Semicarbazone of Cihai -The sodium bisulphite compound 
was prepared from fraction III in the manner de.scribed al)ov(‘. I'o the elear solution of this 
in water a solution of sernicarbazide hydroehloride and sodium aeelaie together with free 
acetic acid were added. On cooling and shaking the mixture the citral semiearba/one separated. 
This on recrystallisation melted at 103’ (semicarbazone from an authentic specimen of citral 
melted at 164’). 


ChEMK’AL liMiOKATOKlIvS. 

Aura Coli.kok, Aora. 
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STUDIES IN FRIES MIGRATION. PART IV. THE FRIES MIGRATION OF 

ACEIOXYBENZOIC ACIDS 

By ])iiira|lal N. Shah and Narsinh Mooljibiiai Shah 

'I’h(‘ Tries migration of tliriT isoriKM-ie a eel oxy benzoic acids has been invest i^^nted. Aspirin gives ^-liylroxy-f). 
Hcet.ylbenzoie acid, tlie aei'tyl group migrating to th(‘ para position to the hydroxyl group ; the ;;-aeetoxybenzoie acid on 
migration givi's I)-aeetyl-4-liydro\v benzoic acid, the ortho migration taking plaei*. Attempts to effect the migration of 
?/oaceto\\ bciivoic tu-id f.ulrd, the thus hindering the migration. The (•on.'-'titutions of the migration pro- 

duct's oiitaiiied ha\(‘ been (‘stalilisluMl. 

In cxtc'nsion of the work on the Eiies migration descrihecl in the previous parts of tliis series 
('Thakor and Shall, this Joutnal, UHG, 23 , 199, 234 ; Amin and Shah, ibid., 19dH, 25 , 377) the 
present investigation was undertaken t(. study the Fries migration of aectoxy derivatives of the 
three isomeric hydroxy henzoie acids. 

It has lieen sliown earlier that the precise position taken up by the migration group is aflccted 
])y the nature ol' the phenol. Rosenmund and Schnurr {Amiolen, 1928, 460, 5o) studied the 
migration of dinrreiitly substituted phepoli(' esters and found that nitro, acetyl and carboxylic 
groujjs in the phenol molecule inhibited the reaction. Recently, however, Brown {J. Aniei. (Jhetn. 
■Soc., 19 IG, 68, 87jj has successfully carried out the fries migration of ci-nitrophcnyl acetate. Cox 
{Ibid,, 1930, 52 , !ir>2) studied the migration of some esters of methyl salicylate. His results show that 
the carbomethoxy group in the oifho position to the OH group does not hinder the migration. 
'The perusal of literature showed that hardly any work has been done on the apjdication of the 
fVies migration to the acetox\ benzoic acids. The migration of r>-acetoxyl)enzoic acid (aspirin), 
/?/-, and /?-aceto\yben/oic acids has been investigated under various conditions and the results 
aie detailed below. 

migration of as[)irin gives a product which has been assigned the constitution, 5-acctyl- 
2-hydro\\ b(‘n/oi( ac id flj on the following grounds : [i) It dissolves in sodium bicarbonate 

solution with elfer\ escence, and in alkali with yellow colour ; (ii) it gives w'ine-recl colour with 
alcoholic ferric chloiide ; ("0 it gives an oxime and scmicarba/one indicating the presence of 
ketonic group ; [iv) on Clemmensen reduction it gives 5-ethyl-2-hydroxybenzoic acid (IT) (Beil- 
stein and Kuhlberg, J. Russ, fdiys, chem. Gesell., 2 , 273 ; Amialeu, 1870, 156 , 213) ; (c) it gives a 
chalkone (III) on condensation with benzaldehyde in presence of alkali, and finally (vi) it is iden- 
tical with the product obtained by the Friedel-Crafts acetylation of salicylic acid (cf Krannich- 


feldt, Be,., 191 •I, 47, 15(i). 
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/»-Acetoxyl)cnz()lc acid was suljjectcd to the Fries migration under different conditions as 
before. Since the para position is occupied, the acetyl group could be expected to go only to the 
orlho position to the hydroxyl group. The migration product has been assigned the constitution 
3-acctyl-4-hydroxybcnzoic acid (IV) as it dissolves in sodium bicarbonate solution and is 
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precipitated on acidifyinj' ; it gives red colour with alcoholic ferric chloride indicating the ortho 
position of -OH and -COCH 3 groups ; it gives ester, oxime and semicarbazone confirming the pre- 
sence of carboxyl and keumic groups ; It gives a chalkone on condensation with benzaldehyde 
in presence of alkali. 

OH OH OH 

COMe IMi.cHO ' V CO-CH=CH.Ph 

j y 

I KOH 

C:()()H COOIT 

(IV) 


/ COMe 

I 

I 

1 

y 

y 

CX\Et 


^'he Fries migration of l^-acctoxybenzoic arid was tried under various rondilions l)ut in all rases 
the unchanged ///-hydroxy benzoic arid was recovered ; in no ease the migration product 
could be obtained. Thus, it is evident that the carboxyl group in the mc/a position to hydroxyl 
group hinders the migration (ef. Nfaudnicr, j. jnakt. ('J/iW., 1933, //, 136, 205). 


E X I‘ i: R I VI F N 1’ A I. 

For the migration of fi-ac etoxybenzoie aeiil, the aspiiin used in this investigation was of 
extra pure quality, ni.p. 135 and did not gi\e any eoloration with ferric chloride. 

//-Acptoxybcnzoic acid (m.p. 109 ) was prepared by acetic anhydride-pyridine method as 
it was found to give* consistently better yield of the pure derivative. 

///-Acct(/xyben/oit acid (ni.p, 129-30 j was prepared by acetic anhydride-concentrated 
sulphuric acid method. 

'idle migration was carried out {a) without a solvent and {h) in nitrobenzene as a solvent 
according to the general method already described in the earlier papers [loc. cit.). In each case, 
several experiments were refieated for the purpose ol' confirmation, '[’he Fries migration of as- 
piiin in presence of nitrobenzene as a solvent, as well as without it, has been investigated under 
various conditions of teinpeiature and period of heating. Similarly the migration of //-acetoxy- 
benzoie acid was investigated. For sake of uniformity in all experiments 3g. (1 mol.) of the 
acetoxy-acid w'as taken and the weights of the products mentioned are ol pure products after 
necessary cr^slallisatiou. 'Fhe migrations were also studied using diderent proportions of alu- 
minium chloride ( 1 . 1 , 2.2, 3.3 mols.) and by varying time and temperature of the reaction. To 
avoid repetition, the.si* experiments h*ive been omitted li’om the experimental ; only the experi- 
ments under the optimum condition are described. 

/o/rf Miiiialion of Aspu in : Formalion of b-Acctyl-l'hy(ho\yben:j)ic Acid 

{a) In pteseme of a Solvent - 'To a solution of anhydrous aluminium chloride (7g., 3.3 mols.) 
in dry nitrobenzene (35 c.c.) pow dered aspirin (3g., 1 mol.) was added at once. A vigorous reaction 
.set in and HCl fumes were c</])i()usly evolved. The reaction mixture was left for one hour at 
room temperature, protected by a CaCl 2 guard tube to prevent access of moisture, with occasional 
shaking. Ice and HCl (cone., 5 c.c.) were then added and the mixture was steam-distilled to 
remove nitrobenzene. The hot residual liquid was filtered through a hot water funnel. The 
filtrate on cooling deposited white needles, yield 2.5 g. It was crystallised from dilute alcohol, 
m.p. 216°- 17° (mixed m.p. with the product obtained by Friedel- Crafts acetylation of salicylic 
acid). (Found : C, 59.7 ; H, 4.2 ; equiv., 178.6. C 9 H 30 .^ requires C, 60.0 ; H, 4.44 per cent. 



STUDIES m FRIES MIGRATION 


237 

Equiv., 180). The acid gives wine- red colour with alcoholic ferric chloride.' It is soluble in hot 
water, alcohol ; insoluble in chloroform and benzene. 

(A) Without a Solvent , — The reactants in the same proportions as above were intimately 
mixed and heated for one hour on an oil-balh at 120^-125° with calcium chloride guard tube. It 
was then cooled ; ice and concentrated HCll added and the solid separating was collected and 
crystallised from dilute alct)hol in needles, rn.p. 216'’-! 7^, yield 1 .3g. (the mixed melting point 
with the above product was unchanged). 

The oxime, prepared as usual, melted at 180-81'' (decomp.). 'The ^cmicarbazone crystallised 
from alcohol, ni.p. 283-84 

2- Hy(lroxy-5-ethvlhenioic Acid .—The keto-acid (2g.) was reduced accf)rding to Clemmensen 
by using zine amalgam (10 g.) and hydrochloric acid (1 : 1, 25 c.c.). 'The hot reaction mix- 
ture was filtered ; on cooling the filtrate, the reduction f)roducl came down ; it was crystallised 
from alcohol in small needles, m.p. 122-23 . It gives blue c()lour with alcoholic ferric chloride, 
(hound : C, 04.0 ; II, 5.8 ; ecpiiv., 165.9. Calc, lor Cl9TI|o03: C, t)5.0 ; H, fi.O per cent. Equiv., 
166). 

3- (atho\y-ThjHho\Yclialh()iir . — To the mixture of the ketf)-aci(l (Ig.) dissolved in alcohol (10 

c.c.) and henzaldehy<le (2c. c.) potassium hydroxide (10‘\,, 10 c.c.) was added slowly and the 
mixture left overnight. It was then diluted with cold water and acidified with hydrochloric acid. 
The solid was collected and ciyslallised from alcohol as yellow needles, ni.p. 238 (decomp.). 
It gives red colour with cone. dissolves in sodium bicarbonate solution with eltcr- 

vescence. (Found : C, 71.2 ; II, 4.2. C15H12O4 requires C, 71.65 ; H, 4.48 per cent). 

luics MizKilion o! \-A<cto\yh(}rj)u Add : Fu) motion o] %A(rhlA-hydto\rbenzoi(' Add 

An intimate mixture of aluminium chloride (7g., 3.3 mols.) and 4-acctoxybenzoic acid (3g., 
1 mol.) was heated on an oil-l)alhat 15(; -153 for one hour in flask protected from moisture by a 
CaCl2 guard tube during heating. I TCI fumes were evoked. It was tlu'n cooled, treated w'ith 
ice and HCl ; the solid separating was collected and ('r\stallis(‘d from alcohol, m.p. 240- H , )ield 

l. 7g. It gives red colour with alcoholic lerric chloride. (Found . Equiv, 178.8. 09113(34 requires 

equiv., 180). 

'The migration was carried out at 18(3 -185’ without any dilfeirnce in the amount of the mi- 
gration product obtained, if, however, nilrobtmzene was used as a solvent, no migration product 
could be obtained. 

The oxime crystallised from alcohol, m.p. 259-60’ (decomp.). ' I ’he sparingly 

soluble in most of the conimon organic solvents, did not melt up to 280 . 

The ethyl esUr, pirpared by refluxing the acid and ethyl alcohol in presence of a few^ drops 
cone, sulphuric acid on a water-bath for nearly 21 hours, crystallised from alccrhol in needles, 

m. p. 7r. (Found : C, 63.55 ; H, 5.1. C||H,204 reciuircs (\ (33.8 ; 11, 5.2 per cent). 

2-Hydroxy-5-carhoxychalkone w'as prepared as before. It crystallised from acetic acid as bright 
yellow needles, m.p. 222^ (decomp.). (Found : C, 71.5 ; H, 4.1. C 1^14,204 requires C, 71.65 ; 
H, 4.5 per cent). 

It gives red colour with cone, sulphuric acid and reddish brown colour with alcoholic ferric 
chloride. 

The results show that three molecules of aluminium chloride are required for the acetyl 
group to migrate, w^hilc with lesser amounts of the same, the cleavage products are formed, 'Fhe 
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amount of the deacetylated product increases sS the amount of aluminium chloride is decreased. 
In case of m-hydroxybenzoir arid, even with the above proportions or more of the aluminium 
chloride, no migration could be rll’cctcd. 

In the migration of aspii in in the presence of a solvent, the room temperature is favourable 
to the migration as the yield of the migration product is good and the reaction is smooth. At 
higher temperatures, moie of the deacetylated product was formed than the product by migration. 
If the reaction was c.irried out without a solvent, the same product was obtained in lesser yields ; 
there is no appreciable clfect of temperature on the course of the reaction. 

In the rase of /^-acctoxyljcn/oic acid, no migration product is obtained in presence of nitro- 
benzene as a solvent even tlK)Ugh dilfcrent temperatures are used. But only a white light product 
of high melting point is obtained. When no solvent is used and the temperature is varied, the 
migration product is obtained within a range of 150 -180'’. It is noteworthy that below 120'’ 
no migration takes place ; whereas, in case of aspirin, it is best eflected at ordinary temperature 
in presence of a solvent. 

The largc-s(.de experiments under the best conditions mentioned above have been tried and 
good yields of the ketonic acids have been obtained. The results clearly show that the carboxyl 
group in the uillio or jiaia position to the hydroxyl group does not retard or inhibit the migration ; 
whereas, it in the nida position inhil)its it. 


M. K. iS( II s( r IxsiiTU'i'i , 
(il l«IIAT ('ill I i:i.i , 
.tllAMKIiAIIAIi. 


Ilidiml Ihfiiiiliil 2l(, lots. 
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PERIODIC A(UD ANJ) PERIODAI’ES. PAR I’ I. SOl.L BlLi rV OP 
PERIODIC ACID IN \VA PER 

By P. P. (iVyXNI AND B. P. (A AM 

Tlio soluhility ot acid m wjitci at. ii inpcraiiircH hclwccii 0 and la h.is Ix^cn d( icjiuiiii'd. The lic.it. of 

solution of tin* acid hi a saturated solution has Ix-cii (‘:il<‘ulatcd ironi lhc«.c dat.i. It n tonnd that, the process is endo- 
therinie, th(' thennal change Ix iiiK and about of the sainc* (.rder as oh.servcfl in inixiim <itetie acid with straill quanti- 
ties ol water in a <'alorim<‘t('r. Tliere is some indit'ation that the aud ina\ cm.^I in two lonus ditlerin^ in w.itiu* (‘ontent, 
the prohahle transition teinjM'iat iirc' heiu«^ 2tl.r»\ 


Prat lically no (jiiantitativr data lor tlir solubility of [)criocli(‘ .u id Inivc ap|)(‘art'd in literature. 
Aecording to Ean^Jois (J////. chim. phvs.y lHr32, 34, 237) periodic cu id is slit^htly soluble in alcohol, 
less soluble in ether, and very soluble in water. Hill ( J* Chem. Soc., 192(1, 50, 21)711) has 

mentioned that the solubility of periodic acid at room temperature is about This figure 

was obtained after analysing the mothcr-li({uor after the crystallisation of periodic acid, and there- 
fore it may be only approximate. Moreover, the temperature is not defined precisely. Willard 
('Tnorganic Synthesis”, Vol. 1, p. 173, McfJraw Hill Book (!o., Eondon,1939) gives the following 
figures (Table 1) for the solubility of periodic acid in conc(‘ntrated nitric acid of sp. gr. 1.42. 


Taiu.l 1 


Teinperatiire. 

-hibd-tib 


ll:jl()<, («., IMO ( .. 
."nCjS 

7..S2 


)(» (l'. |)"i ian c;. stiln.) 


.l.tl 


He further mentions that the solubility rises rapidly above 23 and is about ten times as much in 
water as in concentrated nitric acid. It is therefore clear that no systematic attempt at measuring 
the solubility of periodic acid in water at dilTerent temperatures has been made. Nevertheless, 
such a study might be valuable in deciding whether or not different periodic acids exist in contact 
with their saturated solutions at different temperatures. 


1^ \ !• r- R 1 M li N T A J. 

The periodic acid was prepared by oxidation of .sodium iodate in solution by potassium 
persulphate, as described by lijoth (“Inorganic Syntheds”. \'ol. I, p. 168). 

4'wo diflerent methods were employed to estimate the periodic acid. 4’hc first, due to 
Partington and Bahl ( J. Chem. Soc., 1934, 1086) depends on the liberation of iodine from potas- 
sium iodide under specified conditions. The second, due to \ I filler and friedbergev (/irr., 
1902, 35, 2665), also makes use of the .same reaction but under different coiiditioiD ; under these 
conditions iodic acid and iodates do not liberate iodine. Ehe two methods were found to check 
each other closely. 
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The experimental arrangement for the determination of solubility consisted of a small bulb 
of about 10c. c. capacity blown out of pyrex glass tubing. A little water and excess of periodic 
acid were introduced into it and the stem ol* the bulb was sealed ofi'. It was then immersed 
in a water thermostat and shaken mechanically. Shaking was stopped after 40 hours and the tube 
was allowed to stand another 24 hours for the solid to settle down. The clear solution was then 
taken out and analysed. Solubility measurements at various temperatures were made. The 
thermostat used for all the temperatures, except O'" and 20^^, was an ordinary electrically main- 
tained one with a maximum temperature variafion of 0.05°. For O'", the self-explanatory arrange- 
ment shown in Fig. 1 was used, by this arrangement the temperature could be maintained at 

0" /i)r about 3 days with a single charge of ice during 
winter. 'I'lie water inside the cylinder showed a 
maximum variation in temperature of 0.2°. For a 
temperature of 20°, the same arrangement w’as used, but 
instead of taking ice in the Dew ar vessel water at 20° w^as 
taken. By adding a few ])ieces of ice occasionally the 
tciTiperaturc could maintained at 20' . 


Fig. 1. 
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Discussion 


The results obtained from these measurements are recorded in Table II. The data are 
shown graphically in Fig. 2 in which the solubility has been plotted against the corresponding 
temperature. The experimental points are found to lie on two distinct lines AP and BP which 
are almost straight and intersect at the point P. 'Fhis point corresponds to a temperature of about 
29.5°. Below this temperature the solubility increases at the rate of about 0.03 g. per degree ; 
above P it increases at the rate of about 0.12 g. per degree, that is to say, about four-fold as rapidly. 
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These facts lend support to the possibility that AP and BP may be the solubility curves of two 
different forms of the acid, probably differing in water content. P should then be the transition 
point for the two forms. Incidentally, the present experiments support the previously recorded 
qualitative fact that the solubility of periodic acid increases rapidly above 25°. 



It is possible to calculate uitli the help of iIk* pies(‘ul data the approximate heats of solu- 
tion of the Uvo forms. Fcjr this purpose th(' ecj nation 



may be used. Here .V,, A '2 arc the solubilities of the substance at the absolute temperatures T,, 
1\ respectively and j[ is the calorimetric heat of solution in a saturated solution (cf. Partington, 
“Thermodynamics”, p. 305, London, 1913). Although this equation is not universally accepted 
{Brit. Chem. Abs.^ 1888, ii, 552 ; 1899, ii, 11,545) it has been frequently used to calculate ^ from 
observed solubilities at different temperatures. Obviously, average values of ^ //? may be obtained 
by plotting the logarithm of solubility against the invesrse ol’ the absolute temperature and mea- 
suring the slopes of the resulting curves. This has been shown in Fig. 3. It is found that the 
graphs are practically straight lines showing that there is no sensible variation in the value of 
X for each form in the range of measurements. The values of j ha\e been calculated from these 
slopes and come out to be about 69 and 298 cals, per mole respectively for the two forms below and 
above 29.5°. These values may be compared with 6857 cals, for succinic acid — water at 5° and 
6500 cals, for o-nitrobenzoic acid— water at 20°. Potassium perchlorate has a heat of solution 
of 12300 cals. (Noyes and Sammet, Z.physikaL Chem., 1903, 43 , 513). Obviously the heat of solu- 
tion of periodic acid is small in comparison with these values although heat is absorbed in each 
case. It may probably be compared to the heat of solution of acetic acid in water studied 
by Thomsen ; in these measurements the acid was mixed with different proportions of water and 
the heat evolved measured in a calorimeter. Thomsen found that one mole of the acid mixed 
with half a mole of water brought about an absorption of 1 30 cals, of heat (Landolt-Bo rnsteins* 
Tables, p. 885, Berlin, 1912), but he did not appear to have studied the thermal effect at differ- 
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cnt temperatures. He, however, obtained much variation in the measured heat as the propor- 
tion of water was increased, the process of .solution becoming exothermic at 20 moles of w'ater 
and above. The heat of solution with different proportions of water at a constant temperature 
therefore deserves investigation in the case of periodic acid also, and is proposed to lie taken up 
later. 

The authors wish to thank Principal P. B. (fanguly and Professor M. Q. Doja l()r their kind 
interest in this investigation. One of us (P. P. (1.) is also grateful to the Patna University li)r the 
award of a research scholarship. 
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SEARCH FOR INSECTICIDES. PART II 
By A. B. Sen and P. M. Bhargava 

Tri( lil(>*’oa 1*1. lies of n chloroplionol, w-chlorophcin)!, catocliol, rosorciriol ind hydrocpiinrjiio h.ivr been 
prepared. 

It is necessary to liave a jL>rou{)in^ vvliidi confers lipoid solubility and another one possessing 
toxicity, in the molecule of a good contact inseciticidc (Busvine, \aturr, 1945, 156 , 179). A number 
of esters of trichloroacetic acid and halogenated phenlos have been prepared with this aim in view 
(Sen and Bhargava, this Journal, 1948, 25 , 277). In this paper, the preparation of trichloroace- 
tates of o-chloroplieiiol, ;«-chlorophenol, catechol, resorcinol and hydroquinone have been des- 
cribed. 'I’he trichloioatetyl esters of n- and ;»-chlorophenols are colorless liquids and aie obtained 
in nearly theoretical yields. 'Phe di-lricliloroacetates of resorcinol, catechol and hydroquinone 
are not obtained in so good yields ; these esters darken on exposure to light and the last two are 
very hygroscopic. 


E X p E R I M E N r A I, 

pKpjuitiofi oj the Sodium Salh of the Phenols, The sodium salts of c;-chlorophenol, //?-chloro- 
phenol, catechol and hydrocjuinone weie prepared by adding an absolute alcoholic solution of 
the phenol to a solution of sodium cthoxide (ec[uimolecular cpiantity) in absolute alcohol (15c.c. 
for each g. of sodium). In the case of catechol and hydrociuinone, the sodium salts separated 
out as crystalline precipitates, which were cjuickly filtered olT, pressed and dried. In the case 
of e- and ///-chlorophenols, the sodium derivatives could only be obtained after distilling ofi' the 
excess of alcohol on an oil-bath at 125 -150’. 

The sodium salt of leson inol was prepared b\ adding a little less than the required amount 
of caustic soda, dissolved in a small quant it) of water, to resoninol, using phenolphthalein as the 
indicator. The solution was evaporatcxl almost to dryness on a water-bath and left in a vacuum 
desiccator. 

(kmdensatwu uith Tiichloioacelyl (ddotide, ’Fhe sodium salt of the phenol w’as suspended in 
dry petrol-ether (40-50 c.c.) in a 250 c.c. pyrex flask attached to a reflux condenser ; the flask 
was then cooled in ice and trichloroacetyl chloride (IJ to 2 times the calculated amount) added 
from the top of the condenser, 'i'hc reaction was allowed to take place for J to I hour in the cold ; 
the contents of the flask were then refluxed over a water-bath for 2 to 3 hours and then left 
overnight. 'Fhc sodium ehloride formed was filtered off and well washed with petrol-ether. 
The petrol-ether was removed from the filtrate on a water-bath and the residual liquid distilled 
in vacuum on a metal-bath, when the trichloroacctate of the corresponding phenol was obtained. 
The trichloroacetates of w-and o-chlorophenols and the di-trichloroacetates of catechol, hydro- 
quinone and resorcinol, thus prepared, are described in Table I. 
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Ta^lh I. 


Ueactanta 


o 

e8 4> 
00 A 

c8 ^ 


o 

rO 

o 

o 


B. p. of Yiold. 

tin* fStCT, 


J^OpC?tJl‘S. 


Formula. 


Found (%). 
C. H. Cl. 


Calculated (%). 
C. H. Cl. 


1 10 g. 18 g. HfJ HS /•J'Jmni. 1.") g Co|(»il<‘^s lifpiid 


ll :» 

III 4.1 


ll<) 12:V-<1 
100 171 IK 


IV 7.7 iS.i !)■) 


V ().(1 iHj 0-) 


(’()l(trl( ss liquid 


CyK4()2Cl4 34.77 1.45 51.52 35.04 1.46 
('8H402ri4 34.87 1.49 51.59 35.04 1.46 


I’.df \*Ilu\' li<jiu<I, s iluldv mg 

DJI ( I) ){lMg III M u H<h n ( li.v 

i.utiMistu ^ini‘11 and tmiH 

(luqigMdi 0.1 kiMping. (^oH^()4no 29.62 1.16 53.10 29.92 1.00 

( 'oloi |( s liquid solidil\ ing 
(o hit( <i\st.dson (oolmg 
in M (• Has \iu\ « h n u t<‘i is 
III sMH‘11 ind I inns .!(*( p 
Inowu oil 1 m (‘pm f , Is \(‘i V 
h\ LOOM opK . 


51.83 

51.83 

53.16 


(» 1 


^ oloiliss |i(|iiid willi clia 
1(11 ll 1 isiii sinidl . tiiins lid 
uid tin n l) 7 o\\ 11 in .i l(‘U 
moiitlis 


CioHjOj('lr> 29.67 1.06 53.01 29.92 1.00 53.16 

(^oHj 04(M(, 29. )6 l.OS 52.79 29.92 1.00 53.16 


I 'I’l K llloiOK ( (cttl (d O ( liol II 'Tl K IdoiO.K ( f ill of //IM Idoioplu nol in |)l till ldoiO\U‘l itl* of <mU*( liol. 

I\^ I)i liK liloioiii 1 1 ill ol lisdroipiinoiK \ 111 liK liloM».uidati‘ of lusoiiinol 


The liydiolysis of the Iriehloroarelate of o-chlorophriiol by alkali resulled in ihe formation 
of e-chlorophenol and tiirhloioacrtic acid. 

■J’hc insecticicLd action of the compounds described in this paper, is undei invcsti station. 
One of the authors (P. M. P.) is indebtv“d to the U. P. (Government for award of a research 
scholarship for < an yino out this work. 
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NITRATION OF SOME COUMARIN DERIVATIVES 
By a. R. Naik and G. V. Jadhav 

7-Hvdroxy-3 : 4-(lim(*thylooumarin, itH raothyl othor and 7-hydroxy-8-acotyl-4-raothylooum.irin have been 
nitrated and thoir nitro deriv'ttivea ol)tained. 

Nitration of 7-hydroxy-3 : 4-dirncthylcoumarin gave 8-nitro derivative (Chakrayarti and 
Ghosh, J. Indian Chem. Soc.y 1935, 12 , 622). It is now found that this coumarin gives a dinitro 
derivative, 7-hydroxy-3 : -1 -dimethyl-6 : 8-dinitrocoumarin, if nitration is allowed to proceed 
at higher temperature for a short time, and 2 : 4-dihydroxy-3 : 5-dinitroacetophenone, if the 
nitration is allowed to proceed for a long time. Its methyl ether and acetyl derivative have been 
prepared. The nitration of its methyl ether either in sulphuric acid or acetic acid gives the 
same mononitro derivative. As the melting point of this nitro compound is different from that of 
7-methoxy-3 : 4-diinethyl-8-nitrocoumarin, it is given the constitution as 7-methoxy-3 : 4-dimethyl- 
6 -nitrocoumarin. The nitration of 7-hydroxy-8-acetyl-4-mcthylcoumarin at room temperature 
and for a short time gives 3-nitro-and 6-nitro-coumarins. Their methyl ether and phenylhydrzone 
derivatives have also been prepared. 

Prolonged nitiation or nitration at higher temperature gives 7-hydroxy-4 -methyl-3 :6:8- 
trinitrocoumarin. 


E X P E R I M E N 1’ a L 

l-Ilydroxy-i : \'dimelhyl-C'i : ^■‘dinitroc<}umarin.~-l~Y[y{\roxy~?i ; 4-dimethylcoumarin (5g.) was 
suspended in glacial acetic acid (50 e.c.) and nitric acid {d 1.^12, 5 c.c.) was gradually added to 
it and the reaction mixture was then warmed on a boiling water-bath until the solid went into 
solution. Yellow needles, separated on cooling, crystallised from alcohol, m.p. 210-11°. More 
solid was obtained on diluting (he original mother-liquor. Alcoholic ferric chloride gave blood-red 
coloration with the substance. (Found : N, 10. 21. C4||n807N2 requires N, lO.O per cent). 

l~Melhoxy-'6 \ A-dimethyUQt \ ^‘dimtrocoumaiin.—^oQVwixn salt of the above dinitrocoumarin 
was prepared by adding 25% solution of sodium hydroxide to its suspension in absolute 
alcohol and the precipitated salt washed w'ith absolute alcohol and dried at 140°. 

The dried sodium salt (I g.) was suspended in toluene (30 c.c. j, dried over Na, and dimethyl 
sulphate (1.5c.c.) added to it and the mixture heated at 120° for about 6 hours. The mixture was 
then mixed wdth water and subjected to steam distillation. I’he residue was washed w4th alkali 
and finally crystallised from alcohol in pale yellow’ needles, m.p. 141°. It gave no characteristic 
coloration with alcoholic ferric chloride solution. (Found : N, 9.6. G,2H,o07N2 requires N, 9.5 
per cent). 

l-Aceloxy-Z : ^-diinethyl-^ : ^^dinitrocoumarin . — The above dinitrocoumarin was acetylated by 
boiling for 3 hours with acetic anhydride in prc.sence of pyridine. It crystallised from benzene 
in short yellow^ needles, m.p. 200-201“. (Found : N, 8.9. CjjHioOgNj requires N, 8.7 per cent). 

2 : A-Dihydroxy-^ : b dinitroacetophenone. — 7-Hydroxy-3 : 4-dimethyl-6 ; 8-dinitrocoumarin (1 g.) 
was dissolved in acetic acid (15 c.c,), nitric acid {d 1,42, 4 c.c.) added and the mixture heated on 
a boiling water-bath for 1 hour. Yellow cubes separated on cooling the mixture in a refri* 
gerator, m.p. 169°. (Found : N, 11.7 C8H5O7N2 requires N, 11.6 per cent). 

The same substance was also obtained from 7-hydroxy-3 :4-dimethylcoumarin by nitrating 
it in acetic acid solution with excess of nitric acid on a boiling water-bath. 

l-Methoxy-'i A-dimethyl-^-nitrocoumarin. — 7-Methoxy-3 :4-dimethylcoumarin (2g.) was dissolved 
in sulphuric acid (7 c.c.). To ice cooled solution a mixture of nitric acid (1 c.c.) and 
sulphuric acid (4 c.c.) was added dropwise with constant stirring. It was kept at that temperature 
for about half an hour and then poured over crushed ice, and the solid obtained was crystallised 
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from acetic acid in straw-yellow needles, m.p. 232-33°. (Found : N, 5.9. C12H11O5N requires 
N, 5.6 per cent). 

Nitration of the couinariri in acetic acid medium on a boiling water-bath for about an hour 
and a half gave the same substance. 

l-Methoxy-’i : i-dmethyl-^l-riittnconmarin,— 7-liydroxY-‘^ : 4-dimethyl-h-nitroroumcarin ( 1 g. )» 
dissolved in dry acetone (100 c.c.), was mixed with methyl iodide (6 c.c.) and anhydrous 
potassium carbonate (3g.j ami boiled for 24 hours. The residue left after the removal of the 
solvent was washed with very dilute sodium hydroxide solution and finally crystallised from alcohol 
in straw-yellow needles, m.p. 210-20 . ^ Found : N, 5.8. C|2H||()5N requires N, 5.6 per cent). 

l-Hydroxy’^-acetylA-melhyU^-mhncommyiti. 7-Hy(lroxy-8-acetyl - 4-metIiylcoumarin ( 5 g. ) 
suspended in acetic acid (35 c.c.) was treated with nitric acid {d 1.42, 20 c.c.) and the reaction 
mixture was left at room temperature. After about an hour crystals l)cgan tf) separate w4u('h 
were filtered after half an hour moie. ('Fhe mother-liquor was worked up separately). The subs- 
tance was then washed with dilute sorlium bicarbonate solution and tlie solid finally crystallised 
from alcohol in silky needles, m.p., 217-hT. It gave red coloration with alcoholic ferric 
chloride solution. (Found : N, 5.3. C|2H9()6N re(juires N, 5.3 per cent). 

Its phenylhydra/one crystallised from acetic acid in orange-yellow needles, m.p. 271-72° 
(decomp.). (Found : N, 12.1. requires N, 11.9 per cent). 

2 : A-DihydioxyA-acelylaiclnphcmm', 7-Hydroxy-8-acetyl-4-methyl-3-nilrocoumarin (1 g.) was 
dissolved in liquor ammonia (40 c.c.) and the solution heated on a boiling w^atcr-bath for about 
2 hours. It was then acidified and subjected to steam distillation when 2 : 4-dihydr()xy-3-ace- 
tylacetophcnone was obtained as wiiitc needles in the distillate, m.p. 87 ’. It sh()w(‘d no lowering 
in melting point when mixed with a genuine specimen. 

l-MetlwxyA\~acelyl-\-‘fnctl[vl-?)~mhoa)umatin--T\)\^ was obtained by methylating the hydroxy 
compound with methyl iodide in diy acetone medium in presence of anhydrous potassium car- 
bonate. It cry.stallised from alcohol in yellow needles, m.p. 208-209°. (Found : N, 5.3. 
C|3H,,0^N requires N, 5.1 per cent). 

7-Hydroxy-^~acelylA~wetliyl4>nitrocoumay in , — The mother-liquor JVom the 3-nitro isomer was 
diluted with water, u^hen a solid separated. It was warmed with ammonium hydroxide solution 
and the orange-red filtrate w'as acidified with dilute hydrochloric at'id and the solid obtained 
crystallised from acetic acid in yellow clusters of needles, m.p. 203-201°. It gave red coloration 
with alcoholic ferric chloride solution. (Found : N, 5.4. C|2H90^N requires N, 5.3 per cent). 

Its phenylhydrazonc crystallised from acetic acid in clusters of orange needles, m.p. 230- 
31° (decomp.). (Found : N, 12.0. C|8H|5()5N3 requires N, 11.9 per cent). 

l^Methoxy-^-acetylA-mcihyl-^-mlrocnumarin. —It w’as obtained by methylating the hydroxy 
compound by methyl iodide in acetone solution in presence of anhydrous potassium carbonate. 
It crystallised from dilute alcohol in pale yellow needles, m.p. 125°. (Found : N, 5.3, 
requires N, 5.1 per cent). 

1 -Hydroxy A~mclhyl~\^ : 6 '.H-Uinihocoumarin. - 7-Hydn)xy-8-acetyl-4-methylcoumarin (1 g.), 
suspended in acetic acid (8 c.c.). was treated with nitric acid {d 1.42, 4 c.c.). After about an hour 
yellow needles began to separate. The mixture w'as left o\ernight at room temperature and 
yellow cubes were filtered and reciNslalliscd from acetic acid, m.p. 225-26" (decomp.). (Found : 
N, 13.7. C|oIl509N3 requires N, 13.5 per cent). 

The same substance was obtained by heating the reaction mixture on a boiling w'atcr-bath 
for half an hour. 


Obganio Ghkmistry Departmknt, 
Royal Tnstitutk of Science, Bombay, 

AND 

Karnatak Colleqe, Dharwab. 
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CONDUCTANCE OF CALCIUM GLUCONA'iT SOLUTIONS 
By a. N. Kappanna and Indra Dia’a Arya 


(Vjiiductivilica of oileiimi pluooiiuti* aoliitioiiH havr ovoi- tlu‘ kMiiix'r.itiiri’ niiipc of2.)'Ho .50^ and tho 

fangi3 of oquivulonl; coiu’cntrtitiuii O.IO to 0.002. Tlio ionic condiictivi.i h of the glucorj itc ion at different tornporatiiros 
havo i)non cal ‘ulatcrl. Square root of eqiiivah'Ut concontr.ition j)l>lt‘d apaiiist I'quiv.ih'iit conductix ikes piv(^ very good 
straight liri<‘s in dilute solutions but tho slopes differ eoiisider.ibly fruu the f.ileiilated Oiisager slop«'s. 

llic ])r()niincncc attained by calcium j»lLic(inatc in phariiiacol(»i;y and pharmaceutical in- 
dustry calls for a thorough understanding of the physicochemical properties of the salt. In 
connection \\’ith other work in progress in this laboratory it bei'aine necessary to know the con- 
ductivities of calcium gluconate solutions. 'The only recorrl we have been able to trace in litera- 
ture is that of a few measurements by Jensen and Ungast (J. ('hem. Vhys., 1941, 9 , 195). We have 
measured the conductivities of the salt over the temperature range of 25' -50' and in dilute solu- 
tions. The results are reciirded in the present communication. 


E X P E R t M 1'. N 1* A 1 

Pure calcium gluconate was sulijectcd to recrystallisalion thrice, the final puriheation being 
effected from solutions in conductivity water. Analysis of the compound showed it to be the 
iiionohydrate, 

(u^nductivity water as well as solutions of the .salt were jMei)nred and preserved carefully. 
Goiiductivity measurements were cairied out with precision equipment using a 1000 cycle sym- 
metric A. Cl. The conductivity of the water used for the preparation of each solution was mea- 
sured and the solvent ('orrcction applietl. I'he (dl constant was determined frccjucntly and che- 
cked up. Flic thermostat maiutained the requisite tcmpeialuri* constant within 10.05'^. The 
usual precautions have all been observed. Repeated measurements were made for each solution, 
the solution itself being prepared fresh for each measurement. We estimate the error in our 
measurements to be in the neighbourhood of -1: U’o* Extra-ordinary accuracy is not therefore 
claimed for our results. 

lahle 1 gives the results of our measurements at difVerenl temperatures. 


Tahm- I 

Equivalent conducti vity . 


h]([. ('oiic. 2.V’. 

30'. 

3.>A 

lOA 

15’. 

0.10 

28.01 

33.()5 

38.10 

10.18 

44.17 

0.05 

37.30 

42.54 

50.04 

54.90 

60.72 

0.02 

51.05 

59.00 

03.25 

09,35 

78.20 

0.01 

57.48 

01.98 

72.72 

81.47 

88.20 

0 005 

00.82 

73.20 

81.08 

91.52 

99.38 

0.002 

72.85 

80.20 

90.05 

102.00 

109.05 

0.(M)1 

76.53 

84.20 

91.10 

100.70 

115.00 

0.000.5 

78.20 

80.90 

97.40 

110.50 

118.90 

0 0002 

80.70 

84.80 

Our results at 25® 

H'J.-ir) 1()0.20 113.50 

!)4.50 105.00 116.70 

differ considerably from those of Jenson 

124.‘10 

128.90 

and Ungj 




:>o.8o 

(i8.24 

88.90 

102.20 

114,98 

127.00 
132.80 
130.40 
139..V) 

1 13.00 

cii,). 
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Equivalent conductivities plotted against square root of eq. concentration even up to con- 
centration of 0.01 A* give very good straight lines. This is rather surprising when we take into 
consideration the large variations in conductivities at all the temperatures, as we proceed from 
f=0.0l to 0.0002, the increase amounting to near about 50%. This kind of variation is indicative 
of incomplete dissociation. The values Aoc in the bottom column of the table have been obtained 
by the graphical method extending the straight lines up to y/c—0. 

Table II contains the calculated values for the mobilities of gluconate ion at different tem- 
peratures. The values for the jCa ' mobilities have been taken from the work of Benson and 
Gordon on the conductance of GaCl 2 solutions (J. Chem. Phys,, 1945, 13 , 470). (The value for 
50® was obtained by extrapolation). 


J'abll II 



2.“)°. 

:io°. 

35®. 

4(>®. 

4.->®. 

50 , 

Ax •• 

S4.80 

94.50 

105.0 

116.70 

129.90 

U3.00 

Aic." 

011.50 

60.60 

73.26 

80.03 

88.21 

93.50 

Gluconato ion 

25..30 

27.90 

31.74 

36.67 

41.69 

49..50 

Onsager slope, chIc. 

158.7 

177.5 

193.7 

217.6 

214.00 

268.00 

Onsager slope, expt. 

2()(i 

295 

318 

.372 

399 

437 


In an electrolyte, where the variation of conductivity with concentration in dilute solutions 
is great, there is hardly any jiistification in expecting agreement with Onsager equation. 
The figures in the last two horizontal rows arc included, as the differences betw'een the calculated 
values and observed values for Onsager slopes arc very wide. 

In Table III the ionic conductances of organic ions arc compared with that of gluconate 

ion. 


Table III 


Ion. 

No. of 
atoms. 

Condne. 
at 25®. 

Ion. 

No, of 
atorasi 

Gondue 
at 25°. 

Formate 

4 

51.2 

llutyrate 

13 

30.8 

Acetate 

7 

38.3 

Valerate 

16 

28.8 

Propionate 

10 

34.3 

Caproate 

19 

27.4 




Gluconate 

25 

20.5 


The values for other ions are taken from Landolt’s Tables. 
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BROMINATION OF ACETYLURETHANE AND ACETYL-SUBSTITUTED UREAS 

By C. M. Desai and M. N. Desai 


Acct^O -plnmyl, -o-t<jlyl, -m toI\ - o< -naphthyl, -/i-naplithyl, /i-wlyl, -w-,iniMyl,-yi.ph( in‘t\ I aiid-7»*ph(niotyl 
(‘arhamides and aontylnrethano hav(^ boon brooiimtod and tin* const, iliition of br.nno (h'riv.itivos so obtained 
has boon ostablishod by Mynthcsis. 


Extensive work has been clone on halo^enation and leplaccment of lialojoens by hydrogen 
in compounds containing - CO -CH 2 - CO - grouping (VVhitcley, 7- Cheui. Soc.^ 710 ; 

192rj, 718 ; Naik ct al., J. Indian Cltnn. Soc.^ 1913, 20, 335, 365, 43 Ij. Brornination of com- 
pounds containing -CO- NH- CO - grouping has been studied in this pa[)cr on acetyl-pheriyl- 
-^>-tolyl, -;/?-lolyl, -/;-lolyl, c-naphthyl, ^-naphdiyl, -y;-xylyl, -/;-anisyl, -/^-phenetyl and -m-phenetyl 
('arbarnides and acetyliiretlianc and it has been found that broiniiK* enters only the nucleus in 
phenyl-substituted ureas and only the methyl group in acetyhircthanc. '14ie conslitution of the 
halogen derivatives so obtained has been established by synthesising the same compounds from the 
corresponding arnino derivatives and aretylurethane. 


J '. X P E H I M E N r A L 

Subili/ued (uuhamidrs. —The a('elyl derivatives oj’ substituted carbamides were obtained from 
acetylurea and amino compouTtcls by heating them on an oil-bath at 160 with an air condenser 
when ammonia was evolved and the reaction eomj)leted in about 3 hours. 'Fhe produrts were 
treated with water, dried and crystallised from alcohol or eth^l acetate. The compounds so obtained 
are identical with those prepared from acetylureihane and the corresponding amint) compounds. 
Acctyl-;/;-phenetylcarbamidc, rn.p. lt)2-65' . (Found : N, 12.2. C||H ,403 requires N,12.61 per 
cent). 

Acetyl-o-phenetylcarl)amide, m.p. 212-13 . 

Acetyl-(7-anisylcarbamidc, m.p. llM-95 . 

Acetyl-//-xylylcarbamide, m.p. 1 72-73 \ 

On hydrolysis with potassium hydroxide solution on a water-bath for hall' an hour, acetyl 
group was removed and the free substituted carbamides obtained and eiystalliscd from aqueous 
alcohol. 

o-Phenetylcarbaniidc, m.p. 135-36'. (Found : N, 15.3. C9H,202N2 requires N, 15,55 per cent). 
/;-Anisylcarbamide, m.p, 162-63^ (Found : N, 16,38. CaH,o02N2 rccpiircs N, 16.86 per cent). 
p~{\ : 4 : 5)-Xylylcarbamidc, m.p. 209-10'^, resolidifying and decomposing rapidly above 275°. 
(Found : N, 16.5. C9H|20N2 requires N, 17.01 per cent). 

Bromo Derivatives — substituted carbamide (1 g.) was suspended in carbon tetrachloride in 
a flask and bromine in excess was added slowly. After the addition was over, the contents 
were refluxed for about 3 hours, cooled, filtered, washed with benzene and crystallised from 
alcohol. They are white crystalline solids, insoluble in water, soluble in hot alcohol, and 
sparingly in hot benzene. 

Acetyl-4-bromophenylcarbamide, m.p. 218-19°. (Found: N, 11.11 ; Br, 31.05. C 9 H 902 N 2 Br 
requires N, 10.9 ; Br, 31.12 per cent). 
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Acctyl-5-bromotolylcarbamide, m.p. 226-28°. (Found : N, 10.39 ; Br, 28.93. C|oH||02N2Br 
requires N, 10.33 ; Br, 29.52 per cent). 

Acetyl-4 : G-dibromo-;7?-tolylcarbaniidc% ni.p. 215-17°. (Found : N, 8.45 ; Br, 45.5. C 10 H 10 O 2 N 2 61*2 
requires N, 8.0 ; Br, 45.7 per cent). 

Acetyl-3-bromo-/;-tolylcarbamide, m.p. 226-28'. (Found : N, 10.26; Br, 28.0. C|oH|| 02 N 2 Br 
requires N, 10.33 ; Br, 29.5 per cent;. 

Acetyl- 4 -bromo- (-naphthylciirbamide, blarkeninc* at 235-40 and melting*' at 258-60\ (kound : 
N, 9.07 ; Br, 27.0. CiaHiiO^N^lir reriuires N, 9.16 ; Br, 26.05 per cent). 
Acctyl-l-brorn()-^-naphtli)lrarl)aiiii(le, ni.p. 226-28°. (Found : N, 9.21 ; Br, 25.3. C| 3 H|| 02 N 2 Br 
requires N, 9.17 ; Br, 26.05 per rent). 

Acetyl- 2 -brf)nio-( 1 : 4 : 5)-xyl)ieaibaiiiide, in.]). 20.)-20()'’. (I'oiind : N, 10.9; Br, 26.6. 

C(|H, 302 N 2 Br requires N, 9.82 ; Br, 28>.0 jier cent). 

Acctyl-^-l)rorno-^;-anis)learbamidc, iii.j). 232-31’. (Fcuind : N, !>. 18 ; Br, 28.7. C|olI| 203 N 2 Br 
requires N, 9.68 ; Br, 28.7 ])er eentj. 

Acctyl-4-broiiio-e-plienet\ kill baiuidc, m.{). 230-38'. (Found : N, 9.28 ; Br, 27.5. Cl||H| 403 N 2 Br 
rccjuiies N, 9.30 ; lir, 26.6 p('r ceriij. 

Acetyl-dibromu-///-phenetyl(*atbam[(le, ni.p. 236-38'. (Found : N, 9.28 ; Br, 41.28. tl||FI| 203 N 2 Br 2 
requires N, 7.36 ; Br, 1-2.1 per rent). 

Bromoaectylurethane, ni.p. 120-21 . (Found : N, (>.45 ; Br, 37.17. (l 5 na 03 NBr rec|uires 
N, 6.65 ; Br, 38.09 per rent), fn tlic case of this roinpound, no healin.i* is required. Mere 
kecpini^ overnight ,^dves the pioduct on evaporation of tin* solvent. 

All these broino roinponnds have also been systlicsisi'd from ai etyluretliane and the corres- 
pondin]L» broino-aniino roinpouncls and thus their coustitution (‘stLdilished. 

The authors express their i>ratitude to the College Authority foi a grant to iiieet the expenses 
incurred in the work. 
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ADl^ITION PRODUCTS OF ANILS WI FH SOME METALLIC CHLORIDES 
By V. M. Thakor and R. C. Shaji 

It is observed iliat otliyl acetotK .uid aiiiliiio when treated with fused zinc ehloride ^ive a eryutilline addition 
produet, (‘Ihyl }i((‘t(‘fi'‘(‘t il(‘-anil-ziii(‘ ehlornlc. y\liu-h is .also olitaiued from ethyl aeetoaeetate-anil and zinc ehloride. 
Tlio addition ])roducl. can he de( (»ju]>est d l>y ^^>d^lln earht.uiie tii pel the anil. No such addition produet of an anil is 
known in liT-er.iture. Anil of etiivl c< -m«*thylin*<‘toaeetat(‘ and o- aiul p-inothvl- :ind o-methovy-anils of (‘tliyl fteetouco- 
tnto pav(' sinnkir ervsl dliiu* addition products ^\i1ll zinc chloriile. Niniiiar addition jirodncts were also obtained from the 
above anils with cadiniinn and inci.aiir cliloiide.^. A(*(‘topheiione-anil and benz.ildehyde-anil did not pive an addi- 
tion product, but pot hylrolys si. Tiiis ]wopert y of /:^-Uetonie estiu’-anils can bi' ii-^ed as a qualitative test for their detec- 
tion or to set)ariiti' tlien. from a. mixture or to oldain thmn in a pure form. 

It Is well known that itliyl accloacclatt* reacts with aniline in two ways : Erjuiinolecnlar 
proportions of lioth, tvlien niixcd and kcjit at room temperature, furnish the anil, witli elimina- 
tion of water (Conrad and Liinpadi, 1887, 20 , 9 If, 918). On the other hand, if aniline 
is slowly aildt'd to ethyl acetoacetate at HiO’, acetoaeetanilide is formed, alcohol being eliminated 
(Knorr, Ber,^ ]8!)2, 25 , 772). 'Fhc anil of ethyl acetoacetate at 280' furnishes d-hydroxy-2- 
methyhjuinolinc (Conrad and [.impach, loc. cil.) ; wJiilc the anilide on treatment with concern 
(rated sulphuric acid gives 2-hydroxy-d-methylrjninoline (Knorr, Amialni, 1888, 245 , 858, el. scfj.). 

In conrsc of ^oinc synthetic work for preparing these hydroxycjuinoline derivatives, fused 
zinc chloride w'as tried as a condendng agent for the reaction of aniline and ethyl acetoacetate. 
On woiking up, a well (h-fincd crystalline product was obtained which melted above 210 over a 
wide range and with decompo^'ition. It dei'omposed on long exprisure to air or in boiling water, 
smell of aniline lieing peri (‘})tible ; with boiling alkali, aniline teas formed. 1 he usual cjualitntive 
tests sliowed tlie presence of zinc and halogen. 

To d(‘leriiiinc the identitv of the product aniline, ethyl aeetoacctale-anil and acetoacetic 
anilide were se})ar.'ilcly treated with ecjuimoleiular amounts of zinc chloride. Aniline and the 
anil gave colorh'ss addilion products. 'Jlie anilide was lecovcred unchanged. I’he addition 
product ol' aniline and zinc cliloridc dilFered considerably in properties fiom the abov'C compound ; 
while thal horn llie anil resembled in all its pioj^erlies to this compound. Thus, the substance 
under invesugation appeared to be an addition jjroduet of the anil and zine ehloride. The results 
of analysis sliovxcd th<‘ presence of equimolecular propoilioiis ol* the anil and zine ehloriile. 1 he 
substance, when licap'd witli sodium carbonate, decomposed lo give the anil which could be 
convcited by Limpach’s method {Ber.., 1981, 64 , 969) into l-hydroxy-2-methylc|uino]ine. Hence, 
the sulistanrc under investigation was an addition pnxinct of ethyl areloacetatc-anil and zinc 
chloride, (IIT3.C ( : N-CliHg). C:H2-UO.C)U2H5. /aiCllj. Ethyl acetoacetate and aniline reacted 
in presence of fused zinc chloride to give the anil (cf. Redclelein, Bei., 1909, 42 , -1759 ; 1910, 
43 , 2^176, 2180, el. .srq.), which then foiined an addition product with zinc chloride. No such 
addition prodiuM of an anil appears to be known iii literature. 'Fhc same addition product can 
be obtained in a purei state b> mixing the anil and zinc chloride in rectified spirit solution. 

Ethyl -incth)la( ctoacetatc-anil also gave an addition product w ith zinc chloride, which 
was also obtained fiiuii etli)l cx -meth) laceloacclale, aniline and fused ziiK' chloride. On decom- 
position v\’ilh sodium carbonate scdutioji it gave the anil which could be converted into 4-hydroxy- 
2 : 3-dimethylquinoline. Various substituted anils, vi/., c- and /Miiethyl- and o-mcthoxy-anils 
of ethyl acetoacetate gave similar crystalline addition products. 

vSimilar addition products were also obtained from these anils with mercury and cadmium 
.chlorides. Attempts were made to get sucli addition products from acetophcnone-anil and 
benzaldehyde-anil. However, ihest* anils got hydrolysed in presence of zinc chloride and ani- 
line-zinc chloride was obtained. 

Thus, the formation of additive products with the above metallic chlorides appears to be 
the property of anils of j8-ketonic ester and can be used as a qualitative test for distinguishing 
these anils, or separating them from a mixture or getting them in a pure form. 
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E X P i: R I M E N T A I. 

Addition Product of Ethyl Acetoacetate-anil and ^inc Chloride 

(1) Ethyl acctoacetate (4.3 g.), aniline (3.1 g.) and powdered fused zinc chloride (4.6 g.) 
were mixed. Considerable heat was evolved. It was heated on a steam-bath for two hours, 
water was added and the product washed thoroughly. It was crystallised from rectified spirit, in 
colorless prismatic needles (3.5 g.) .It shrank at about 190' and melted in a range of 248° -255° 
with dcrompf)sition. f Found : Cl, 21.1. C| ^jH| 502 N.ZnCl 2 requires Cl, 20.8 per cent). 

f2) Ethyl aretoacetatc-anil (Cavallito and Haskell, J. Amer. Chem. Aor., 1944, 66 , 1166) 
(3.4 g.j and j)o\vdered zinc chloride (2.3 g.) were mixed and heated on a steam-batli for 2 hours. 
On working up, the above product of in.p. 239^-45'' was obtained. 

(3) 4’hc anil (3.4 g.j was dissolved in rectified spirit (7 c.c.) and a solution of zinc chloride 
in minimum amount of the same solvent added. Fine crystals of the product separated. The 
mixture was kept aside for some time and the crystals collected when the same product was obtained. 

Ethyl acetoacetate-anil-zinc chloride has no sharp and definite melting point. It shrinks 
and appears to start melting at 190’, turns blackish at about 205'’ and actually melts between 
230*^ and 260^ The melting point is found to vary in this range in dilferent preparations. It starts 
decomposing at about 255 , (^n exposure to air the crystals slowly change colour to yellowish 

and then pinkish and there is a strong smell of aniline. It decomposes with hot water or dilute 
alkali giving aniline. C(dd dilute hydrochloiic acid has little elTect. It is dilficultly soluble in 
ethyl alcohol, acetone and a(’etic acid in cold, but dissolves (juitc readily on boiling. It is in- 
soluble in other usual organic solvents. 


DtcomposUion of Ethyl Acetoacetale-anil-zinc Chloride with Sodium Ca)bonate 

44ie anil-zinc chloride (I g.) was suspended in rectified spirit and sodium carbonate added, 
and the mixture well shaken when zinc carbonate precipitated. It was kept for about two hours, 
filtered and the filtrate extrac ted w4th ether. The extract was dried and ether removed. The 
oil that remained was found tc) be ethyl acetoacctatc-anil as, [i) it did not dissolve easily in dilute 
hydrochloric acid, (n) it gave the addition i)roduct with zinc chloride, and {Hi) it could be con- 
verted into 4’-hydroxy-2-methylquinoline, m.p. 230’ by Conrad and Limpach’s method {loc, 
cit, cf. Hughes and Louis, J, Proc. Roy, So(. S. Wales, 1938, 71 , 458). 

Addition Product of /hiiline and ^ioc (Chloride 

Aniline (3.1 g.) dissolved in rectified spirit was mixed with a solution of zinc chloride (2.3 g.) 
in the same solvent. Soon colorless plates of aniline-zinc chloride separated, m.p. above 220° 
with decomposition, (lunmd : Cl, 22.1. 2C6H7N.ZnCl._, requires Cl, 22.2 per cent). On 
exposure to air it turns pinkish giving a strong smell of aniline. It decompose.s with hot w^ater or 
dilute alkali. It is readily soluble in alcohol, acetone or acetic acid in cold, and insoluble in 
other usual organic solvents. 

Several other addition products were prepared from various anils with zinc, cadmium and 
mercuric chlorides. The general method used was the same, namely, mixing equimolecular pro- 
portions of the two in rectified spirit solution when they separated as well defined crystals melting 
above 200° within a range and with decomposition, there being no sharp and definite melting 
point. In solubilities and other properties also they resemble chthyl acetoacetate-anil-zinc 
chloride. For the sake of brevity they are tabulated below. 
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Table I 


No. 

Anils. 

Metalli(! 

chloride. 

Product. 

Shapo of 
crystals. 

M. p. 

Chlorine 
Found. Calc. 

1 

Ethyl aoetoiicctate-anil 

CdCl 2 

OiiHijOjN.CdOla 

Colorless tiny 
needles 

> 220 ° 

(deeomp.) 

18.0% 

18.3% 

2 

Do 

HgClo 

CiallrsOiN.HgfUa 

Colorless 

eolunins 

> 120 ° 

(decomp.) 

15.0 

14.9 

3 

Ethyl e< -methylacetoaro- 
tate-aiiil (a) 

ZnCla 

C 13 H i 702 N,ZnCl 2 (ft) ColorlesH pris- 
matif needles 

248-58° 

(deeomp.) 

19.8 ■ 

20.0 

4 

Do 

HgCl> 

Pi 3 Hi 70 ^N,HkC 12 

Colorless 

needles 

115-7.5° 

(deeomp.) 

14.7 

14.5 


Ethyl acotoiifctato- 
o-nu*thyianiI (c) 

ZuCT^ 

‘:i 3 Hi 7 () 2 N,Znt:ii 

Slender needles 

>230° 

(deeomp.) 

20.4 

20.0 

G 

Do 

(wriz 

Cl 3 11 i 7 () 2 N,CdCl 2 

Tiny silky 
nof'dles 

> 220 ° 

(deeomp.) 

17.5 

17.7 

7 

Ethyl accloac('iat<*- 
/j-iiK'tliylanil (r) 

ZnCl. 

(1311 iyD 2 N,Zu(U 2 

Tiny needles 

>2.30° 

(deeomp.) 

20.1 

20.0 

s 

Do 

iwn. 

(’i 3 lli 7 () 2 N,CdCl 2 

Kine iu‘(‘dles 

> 220 ° 

(deeomp.) 

17.0 

17.7 

u 

Kthyl 

o.Tn(‘tlio\vanil(</) 

ZnCIi 

(’T 3 Hi 7 () 3 N.Zn(’l 2 

( Vilorlesh 
needles 

> 220 ° 

(deeomp.) 

10.0 

19.1 

10 

Do 

iWVA. 

Ci dl J 7D3N,( VK'J 2 

Colorless tiny 
needles 

> 220 ° 

(deeomp.) 

17.2 

17.0 

11 

Acrtoplifiioiu'-anil (0 

ZtiClj 


Colorless 

])liit.es 

> 220 ° 

(dtTomj).) 



12 

Bcnzaldchydc-Jinil ((/) 

Zll('l 2 

(V.H 5 Nll 2 ,Zn(U 2(?0 

( Vilorloss 
plates 

> 220 ° 

(deeoni]).) 

— 

— 


(a) Conrad and Limpach, Ber., 1891, 24 , 2990. 

(/;) Also prepared from ethyl c< -methylacetoacetatc, aniline and zinc chloride. On decom- 
position by sodium carbonate it gave back the anil which could be converted by Limpach*s 
method into 4-hydroxy-2 :3-dimethylquinoline (Wohnlich, Arch. Pharfii., 1913, 251 , 535). 

(c) Conrad and Limpach, Ber., 1888, 21 , 523. 

(d) Idetn, ibid.^ p. 1649. 

\e) Rcddelein, ibid., 1910, 43 , 2478. 

(/) A strong smell oi acetophenone developed when the reactants were mixed. 'The produet 
on decomposition gave only aniline (isolated as hydrochloride, m.p. 196 -97''), no acetophe- 
none being isolated. 

{m) Organic Synthesis, Col. Vol. I, p. 80. 

(A) A strong smell of benzaldehyde developed in the mixture. The product on decomposi- 
tion gave only aniline (hydrochloride, m.p. lOS''), no benzaldehyde could be isolated. 


Organic Chemistry Laboratory 
Royal Instetute of Science, 
Bombay. 


Received February 6 , 19*9. 



[ jQur, IndUn Chem. Soo., Vol. 26, No. 5, 1049 ] 


ON ORGANO-ARSENTCAL COMPOUNDS. PART III 
By B. Patiiak and T. N. Ghosh 

Somo N-alkyl,it(ul ain.diMc^ ooiil iitiin^ thi- arsonious at'id group have nou Wen syntln'sisod l)y reacting 
acoto-p-phonotidiiie or a etanilide 'willi p .u^iinilie .md in prc^senre of J’Clj or POCI 

In view of the promising results in tlie chemotherapy of filariasis, as obtained with some 
arsenoxide deiivatives by Otto and Maicn {Saence, 1947, 106 , 105), and in view of the pronounced 
parasiticidal property ol various amidine deiivatives (King, Lourie and Yorke, Lancet, 1937, 233 , 
136 ; Kirk and Sati, Atm, Tiu/t. Med. Patautol., 1910, 34 , 82) it has been considered desirable to 
systhcsisc some amidine deiivatives containing arsenoxide group, so that these compounds may 
be tested for any filaricidal activilv. 

Itlofmann { Jain (sher. Foil. (Jiew., 1805, IM; Monahberichtc Berl. Akad., 1865, p.640) obtained 
diphenylacetaniidine and diphen^lbenzamidine by condensing aniline with acetanilide and ben- 
zanilide respecti\ ely, in pieseiue ol PCd 3 oi PC'lj. This method is of general applicability and 
has been utilised h) subsecjueiil woikeis (Bamberger and Loien/en, Amialeri, 1893, 273 , 269 ; Hill 
and Robinowit/, J. Anur. (diem. .Sar., 1926, 48 , 732 ; Sen and Ray, J. (diem. Sot., 1926, 646) for 
the synthesis of a number of new N-alkylatcd amiclines. PCI 3 is the most suitable condensing 
agent for the above reaction, although P 2 G 5 (Schuler, U. S. patent, 1,384, G37) or POC'lj (Bures 
and Kundera, ( aso/iis (.eskndnv. fAatmctia, 1934, 14 , 272) may also be used :>onietimcs with 
advantage. 

By condensing a< eto-/>-phenctidine with /;-arsanilic acid in presence of PClj, the compound 
(I, R-=OEt), which is an acetamidinc derivative containing the arsenious acid group, has 
now been obtained. Ihe isolation of the arsenious acid derivative, instead of the corresponding 
arsonic acid, is ascribed to the fart that PGI 3 very easily reducc's arsenic acids to arsenoxides (cf. 
Ehrlich and Berthcim, Bei., 1910, 43 , 920 ; Karrer, Ber., 1914, 47 , 2275). By further reducing 
the compound (I, R OEt) with hypopliosphoius acid in piesencc of a trace of potassium io- 
dide, the corresponding aiseno derhative (11, R ^ OEt) has now^ been obtained. 


NH-> ^ — As(On)2 


Me— c: 


.N 


- -R 


(I) 


-As As— _NU— C— Me 

II 

— R R— • — N 

(11) 

The above compound (I , R=OEt) and an arsenic-free compound (which could not be 
characterised due to its poor yield) have been obtained, when the above reaction was carried out 
in presence of POCI 3 , instead of PCI 3 . In this cpnnection reference is made to the reduction 


Me— C— NH - 

I 

I 

' / 

N— / 
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of 2-chlorovinylarsonic acid to 2 -chlorovinyldichlbroarsinc by POCI 3 (Hewett, J, Chem, Soc^^ 
1948, 1204). The compound (I , R— OEt) readily decolorises iodine solution and remains un- 
affected when treated with sulphur dioxide in presence of potassium iodide. Moreover, in con- 
formity with the characteristic property of arsenoxides, it dissolves in dilute caustic soda (though 
insoluble in aqueous bicarbonate or ammonia) solution, from which the free arsenious acid is 
salted out l)y saturating with sodium chloride. 'I'hat the compound (1, R OEt) is an arsenious 
acid and not an arsonic acid derivative has been further confirmed by reacting //-aminophenyl- 
arsenoxidc (Ehrlich and Bertheim, Ber., 1910, 43 , 917) with aceto-/;-phenetidinc in presence of 
POGI 3 , when a compound identical with (1, R -OEt) has been obtained. 

Similarly, by reacting acetanilide with /^-arsanilic ac id in presence of POGI 3 , a mixture of 
the compound (I , R— ff) and 4-anilinoquinaldine ( Gonrad and Limpach, Ber., 1887, 20, 953 ; 
Backeberg, J. Chem. Soc., 1931, 2814) has been obtained. The compound (I, R^H) which gives 
all the characteristic tests of arsenious acid, as described above, has been further reduced by hypo- 
phosphorus acid in presence of potassium iodide to the arseno derivative (11, R-H). 


1’^ X I‘ I', n I M h N !’ A L 

[PfienylA-ellioxyy[l)henylA-ars€ni(m\ acidyacclaniiiline I, R~OEt) 

(a). An intimate mixture of aceto-/;-phenetidine (9 g.) and /j-arsanilicacid (1 Ig.) was gradually 
added to phosphorus trichloride (GO C.C.). Heat developed and the mixture was heated in an oil-bath 
at 100'’- 105 ’ for about 4 hours. Next day, the reaction mixture was pcuircd into crushed ice, when a 
pasty mass was obtained. The supernatant liquid was decanted, filtered and treated w ith excess of 
ammonium hydroxide, w'hen a solid was precipitated, w'hich was filtered. It is soluble* in alcohol and 
acetic acid, and sparingly in hot w ater, and it could not be crystallised from any of these solvents. 
It was therefore purified by washing with ammonium hydroxide .uid then trituration with 10% 
caustic soda solution. The alkaline solution, after treatment with ('harcoal, was just neutralised 
with hydrochloric acid, when a colorless solid (I g.) was obtained, which shrank at lOO” and 
melted to a brown viscous mass at 134-35' . (Found : N, 7.12 ; As, 19.85. G| 6 H, 903 N 2 As requires 
N, 7.73 ; As, 20.70 per cent). It is readily soluble in dilute hydrochloric acid and in dilute alkali 
but insoluble in aqueous ammonia or bicarbonate. Its acetic acid solution readily decolorises 
iodine solution and it remains unalfected when its solution in dilute sulphuric acid is saturated 
with sulphur dioxide in presence of a trace of potassium iodide. From its solution in 10% caustic 
soda solution it is precipitated as such when saturated with sodium chloride. 

From the pasty mass, described above, a fuither quantity [\ g.j of the comi)oimd (I,R--OEt) 
was obtained by trituration with lO^^ caustic soda solution, liltraticai and careful neutralisation 
with Just the requisite quantity of hydrochloric acid. It was subscxiuently purified as above. 

(/;). The above reaction was carried out \vitli the same ([uantities of the reactants in phos- 
phorus oxychloride (GO c.c.) at 125"-130 for about 4 hours. Next day, the reaction mixture 
was poured into crushed ice, when a pasty mass was obtained. Fhc supernatant liquid was de- 
canted and, when treated with excess of ammonium hydroxide, yielded a tarry mass w'hich could 
not be purified. The pasty mass was washed with water and then thoroughly triturated with excess 
of cold caustic soda solution ( 10 %). The major portion went into solution and the insoluble 
solid was filtered. 'Fhc alkaline solution was just neutralised with hydrochloric acid when a 
solid (3 g.) was obtained. It was purified as above, and found identical with the compound 
(I, R— OEt) by a study of its properties and also by analysis. 

The alkali-insoluble solid was first purified by solution in dilute hydrochloric acid and pre- 
cipitation with dilute alkali, and it was finally crystallised from alcohol in colorless needles, m.p. 
122-24®. It contains chlorine and no arsenic and its extremely poor yield precluded further 
study and characterisation. 

(r). The condensation of /;-aminophenylarsenoxide with aceto-/;-phenetidinc in presence 
of phosphorus oxychloride has been studied under the same experimental conditions as described 
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above. The method of isolation of the reaction products was the same as above. Besides an 
arsenic-free compound (m.p. 122-24°) which contains chlorine, a compound, proved to be iden- 
tical with (I, R=OEt) by a comparative study of their properties and by analysis, has been obtained. 

(4 A*^Diethoxydipknyiy{^A'-arsenophenyl)acetamidine (II,R— -OEt).— The compound (I, R— OEt ; 
4g.) in 150 c.c. of water and 8 c.c. of concentrated hydrochloric acid, was reduced 
by adding, with stirring, 35% hypophosphorus acid (25 g.) and 2 c.c. of 1% aqueous solution of 
potassium iodide. Soon a precipitate came out and the reaction mixture was stirred at room 
temperature for about 2 hours. I he solid was filtered, washed thoroughly with water and diss- 
olved in acetic acid. The acetic arid solution was then basified, under cooling, with caustic soda 
solution, when a cream-coloured solid ( 2 g.) was obtained, which was filtered and washed tho- 
roughly with water. It melts at 178-80^ to a brown, viscous mass ; it is insoluble in dilute 
alkali. (Found : As, 22.18. C 32 H 34 O 2 N 4 AS 2 requires As, 22.83 per cent). 

{Phenyl)-{phenylA-arsenious acidyacetamidine (I, R— H).— An intimate mixture of acetanilide 
(14 g.) and /;-arsanilic acid (22 g.) was added to phosphorus oxychloride (100 c.c.), and the solu- 
tion was heated under reflux at 120° for about 4 hours. 

From the reaction mixture two compounds, of which one is insoluble in alkali and the oilier 
is soluble, have been isolated. The former was purified by solution in acetic acid and pre- 
cipitation by excess of ammonium hydroxide. It was crystallised from alcohol in colorless 
needles (5.8 g.), melting at 155-56° and was found to be identical with an authentic sample of 
4-anilinoquinaldinc (Backeberg, he, cit.). 

The alkali-soluble compound (I , R — 11 ) was purified as described previously and was obtai- 
ned as a colorless solid (fig.) which was dried at 60° -65° hi vacuo. It molts at 146-48° to a viscous 
mass. (Found : N, 8.45 ; As, 22.97. C 14 H 15 O 2 N 2 AS requires N, 8.80 ; As, 23.57 per cent). 

{Diphenyiy{4: ; 4‘'-a)senophef}yl)-acetamidwe (II, R^H).— The method of preparation was the 
same as in the case of the compound (II, R- OEt). The cream-coloured solid melts at 168-70° 
to a brown, viscous mass and is insoluble in alkali. (Found : As, 24.05. CioH^oON^Ast requires 
As, 24.49 per cent). 


Bkncul Immunity Research In.stttute, 
Calcutta- 16. 


Receivi'dJanmry 11, 1949, 



[Jour. Indian Chom, Soc., Vol, 26, No, 6, 1049 ) 


INTERACTION OF SULPHUR DIOXIDE AND HYDROGEN UNDER SILENT 

ELECTRICAL DISCHARGE 

By cl S. Dksiimi'kh and B. Latiiry 


Intcrjicfcioi) «»f SO^ .‘iml Hi uiuUt hilciit. dischar^f* ih liiru'-contiiiiiou.s and irn‘v»*i>)ibl(‘. /An initial rapid 

fall of tho prrsMurc (p) is followed liy a slowrr chanjjr and tlio aitaiiiiiK'nl fd a si itionarv static. 'J’ho timo varirdion of 
th(^ oondiictivity, i, is synfhroiious with hut loss prcMiouncod than that ot p. The format i«>ii of SO as an iinstahlo intrr- 
nmdiato product is sugf^oslcd. Jiosides 11 7 and ijndt!conipos'*d SOi, tho roaolion ])rodnots oonsist of sulphur, H2SO3, 
H.SO^, S()3, ()2, (>3 and H ^S. Ozoius IS produood prior to H2S. 'Hk do<-rt as(‘ ofp is a1tril)utod to tho ooijdcuisatioii of 
th(‘ produots of docomposition or /and thoir ‘ol(‘an up* hy tho annular Him ol Milphur produood uudor tho rlisohar^o. In 
ajrroonient with tho poiural findin^f duo to .loshi tho ourronl /, at a pjivon applied pol.tnlial \', do|)onds on V'-\',n. wluTO 
is tho ‘throshold fiotontial’. Production of SO and SO^ roduoos \’^ and t(MHls to inori'.i'>(‘ i. 'I'ho dejmsition of 
snl}>hur on tho annular \\alls inhibits tho naiotion. 

During the reaction between nitrous oxide and hydrogen, subjected to a silent discharge, 
observation was made of a remarkalde "periodic effect'' in which tlie gas pressure, the current /, 
wattage dissipated in the system, as also the nature of tin* glow showed marked and synchronous 
discontinuities repeated over as long as 20 hours of exposure (Joshi, Ptoc. Indian Sci. Conji^., 1943, 
Part IT, pp. 70-75 ; Joshi and Deshmukh, Nature, 1945, 155, 403). According to Joshi (Curr. Sci., 
194G, 15, 281) ‘wall cflect’, formation of condensed products, and a spontaneous reaction reversal 
(despite constancy of exciting conditions,) constitute inlo alia chief determinants of the "poiodic eJfecP. 
A reaction reversal was also observed in the interaction of sulphur and nitrogen (Deshmukh 
and Sirsikar, Proc. Ind, Acad, Sci., 1948, 28A, 175). Present woik was undertaken since condensed 
products appeared likely in the reduction under discharge of SOj which might produce the perio- 
dic phenomenon mentioned above. 


E X i» J*: R I M l. N i A I. 


4 'he general arrangement of the apparatus and the electrical circuit eiaplo>ed are shown 
in Fig. 1. This consists of a generator (> for preparing SO 2 , ihe reservoirs R,, Rj and R 3 to 


Fig. 1 
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Store SO 2 , H 2 and their mixture respectively, Wiquid air traps L 1 -L 5 for freezing out SO 2 and 
other condensible products of decomposition, a Siemens’ type glass ozoniser, a 'fopler pump to 
evacuate any or all parts of the appaiatus, a manometer M to record the pressure of the gaseous 
mixture in the ozoniser and drying tubes containing phosphorus pentoxide and calcium chloride. 

The entire assembly was tested initially for vacuum for at least 48 hours. Sulphur dioxide 
was prepared in (i by the action of sulphuric acid on sodium bisulphite. The gas was purified 
by fractionation over liquid air in L| and the middle fraction w^as stored in R|. Hydrogen was 
obtained from a commercial cylinder. 1 he gas was bubbled slowly through traps filled with a 
freshly prepared solution of alkaline pyrogallol. It was dried carefully over P 2 O 5 and (JaGl 2 
and was finally admitted through the tap T 13 to the reservoir R 2 . Fhc gaseous mixture was 
prepared by solidifying SOj in L 3 cooled by liquid air. was now closed. Hydrogen was 
introduced in R 3 through T ,2 and T^. R 3 was then connected witli L 3 by proper manipulation 
of T 4 . The liquid air bath was removed carefully and sulphur dioxide allowed to vaporise. Re- 
sults now reported refer to two stock mixtures: ( 1 ) consisting of 32% H^ and SO 2 and ( 2 ) 

containing 83% H^ and 17% SO 2 . 

Single phase alternating current of 30 I'ycles frecjucncy obtained from a iotar\ ('onvertei 
worked off 220 volt D.C. supply was fed to the primary of a 3 KVA transformer. One of its second- 
aries was earthed ; the other was dipped in a moderately concentrated salt solutif>n forming the 
H. T. terminal of the ozoniser. The outer electrode was earthed through an oxide rectifier type 
A. C. milliammeter (MA in Fig. 1). The applied potential expressed in kilf>\olts (r.m.s.') kV, was 
calculated from a knowledge of the step-up ratio of the transfoi incr and the piimary ])otenLial Vh 

The gaseous mixture was introduced in the ozoniser at a desired pressure tluough 13 , 
and T,. 'Fhe system was excited at a given (fixed) applied potential V. Fhe progress of the 
reaction was followed by the observation of the variation of the gas ])ressure/;, the discliai’ge current 
i and the nature of the glow. Two typical sets of observations arc recorded in 'fables I and 11. 
Fig. 2 shows the time variation of p and i at G.7 kV and an initial pressure of 10.5 cm. Hg of the 
first stock mixture. The products of decomposition were analy sed at {a) a constant pressure and 
{b) the maximum current stage. At the end of a giveh exposure to discharge the decomposition 
mixture was led through the trap L 4 , immersed in liquid air. The uncondensible products were 
collected over mercury in a gas burette by working the 'Fppler and were analysed for hydrogen 
and oxygen. The liquid air bath was removed and the condensible products allowed to vapo- 
rise. These were collected in another gas burette and tested for SO 2 . I ’he ozoniser was w'ashed 
thoroughly with distilled water. This was cilso analysed (qualitatively) for the presem e of H 2 SO 3 
and H 2 SO 4 . The results of analysis (oy volume at N. T. P.) arc shown in Table 111. 


Table I 


Applied potential— 6.7 kV (r.m.s.) ; 50 cy’^cles sec. 

Mixture No. 1 (H, /SO, --32/68) : 18.5° 

Time (mill.) 0 T) 10 ir> 20 25 30 35 40 45 50 60 70 80 90 lOO 110 150 

ProsHuru 19.0 17.6 16.2 l.j.5 14.2 13.2 12.4 11.3 10.4 9.6 9.0 7.8 7.0 6.3 5.!) 5.6 5.4 4.9 

(cm. Hg) 

Ciirront (mA) O.l O.ll 0.13 0.12 0.11 0.16 0.16 0.16 0.16 0.16 0.l6 0.16 0.15 0.13 0.13 0.12 0.12 0.12 


, Remarks iManuriiutrii' 

Hg. foulod. 
Whitcj de- 
posit in 
the ozoniser. 


Liquid 
droplets 
observed 
on the 
annular 
surface. 


White 
deposit 
disappears 
in patches. 


Licpiid de- 
posit dis- 
appears leaving 
a yellowish 
solid residue. 
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Table II 

Applied potential ==6.7 kV (r.m.s.) ; 50 cycles sec. 
Mixture No. 2 (IT, /SO. --32/68) ; 21°. 

An ozene trap is connected with the ozoniser. 


Tim*' (miti.) 

u .j 10 If) :io 

45 1)0 155 IG5 l‘>5 

210 2 40 500 

Discontlnuo. 





Found the 

Piv.ssiiro 

‘2 A 1.7 \,'2 O.M OA 

0.45 0.4 0.5 (1.5 0.5 

0.5 0.5 0.5 

black dopo.sit 





on Hg to b (5 

(^irivnt (in A) 


0.-22 0.24 0.24 0.25 0.24 

0.21 0.24 0.21 

HgS. 

Renirirks 

M.inon.i'ti If 

lllifkfniiMj: 

A I'laok Hpeck 



M/. t'(Milf<!. 

of llu‘ < 

appryifil on the 




l(‘iwlinu to till' 

hiirfaci- i>i llir 




ozoMf trap. 

in ozono fr.i]). 




Table III 




Alivlurt' Inili.il pi'oM^. 

A|)pli*'<l 

1 Oir.il (Oil 

St.ojfi' (4 

'I’ot.il \ ol. \ ol. of 

\'ol. ol 

\5il. ul 




No. (i III. II.’) 

1. (Hj SOj 

kV. 

ol dis'’li<ug» 
(mm.) 

.in.iKsi^. 

('oust. 

ot gas SOj ut 
follcHfd N. T. P. 
at N.'l\ 

P. 

Jl> at 
N.T.P. 

(>2 .It 
N.T.P. 

%«o>. 

** II , 

".,0, 

= 52 41S) 10. 1 

0.7 

IS5 

pr(*ss. 

5.4 f.c. 1.88f.f. 

1.40f.(‘. 

().12c.f 

. 55.5 

41.1 

5.5 

10.2 

0.7 

41 

Mas. 

( UlTfJll 

5.0 2.S8 

1 .05 

0.17 

57.0 

59.0 

5.4 

2.(H2/S()j 10.5 

^ S5 17) 

0.7 

00 

(\nisl. 

pifss. 

5.05 0.54 

5.50 

O.l 

15.0 

Sl.l 

2.5 

10.1 

0.7 

2S 

i'nm-ni 

4.0 0.7 J 

5.2 

0.1 

17. S 

80.0 

•> o 


Discussion 

Results in Fisf. 2 and Tables I and II indicate that the interaction of SO 2 and H 2 under 
electrical discharge is time-continuous and irreversible. 'The pressure -time curve in Fig. 2 (which 
is but typical of a series of results) shows an iniliiil rapid fall, followed by slower change and the 
attainment of a stationary minimum stage. Thus e.g. at 6.7 kV pressure decreased from 10.5 to 
4.0 cm. Hg. i.e, by 62% in 30 minutes and from 4.0 to 3.2 cm. i.e. by about 20% in 24 minutes of 
exposure to discharge, p remained sensibly constant at this stage even after prolonged exposure 
to discharge for about 100 minutes. The discharge current i flowing through the reaction vessel 
varied synchronously with p though not in the same Sense, i increased initially from 0.135 to 
0.15mA i.e by 11% in 15 minutes, remained stationary for the next 24 minutes and decreased 
again, to the initial minimum of 0,135 mA in 9 minutes of exposure to discharge. The attainment 
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of the constant stage was more or lej>s simultaneous in both the pressure — time and current — time 
curves (cf. Fig. 2). 


Fig. 2 

Pressure-current vanation dunufj SOj-H , interaction at 6.7kv; 50 cycles sec, 



'I'lrrn of ftposHH to (tisfhauft {mni.). 


During expeiimonls lo which lable T refers, the forpialion of liquid droplets was oliscrved 
on the annular w^alls of the ozonisei. It »vas interesting lo note that the conductivity also in- 
creased to its maximum vmIuc dining this stage of the icaction. 'Flic liquid pioduct disappeared 
slowly leaving behind a ycllowisli solid lesiduc when the cunenl, as also thepiessure of the reac- 
tion mixture, tended to reach the stationary minimum. Amongst the reactions products (besides 
H2 and undecomposed SO^) sulphur, H2SO3 and H2SO4 were detected by the usual chemical 
tests. The fouling of the manometric mercury during the course of the reaction indicated the 
presence of ozone or/arid H2S. Series of experiments (of which the results given in 'Fable II are 
but typical) were iherefoie next made by connecting an ozone trap (not shown in Fig. 1) between 
the ozoniscr and the tap T|. In all these cases the detection of HgO and HgS during successive 
stages of the reaction showed that the formation of H ,S was preceeded by that of ozone. 


Data for the analysis of the products of the reaction at the constant pressure and maximum 
current stage for the two stock mixtures containing different proportions of SO2 and H2 are re- 
corded in Table III, 'Fhe lesults are similar except that the amounts of the gaseous products 
of decomposition are different due to the varying proportions of SOg and H , in the stock mix- 
tures. 


The foregoing results suggest that the following reactions constitute the overall mechanism 
of the interaction of SO 2 and H 2 under silent discharge : 

( 1 ) SO 2 +SO 2 (excited) — ► SOj-j-SO (unstable) 

(le?) SO 2 (excited) -f-H 2 — ^112802 — ►H^O-j-SQ (unstable) 
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(2) SO— ►O+S 

(3) SO+H,,— ►H,0+S 
{3a) O+H,— ^H.,0 

(4) SO., --►S+O. 

(5) 0,+0— vOj 
(5a) SO, 4-0 --►SO, 

( 6 ) S+H,— ►H,S 

(7) S0,+H,0-^-^H,S03 

(7a) S6,+H,0 — vH,S 04 

Starting from the primary reaction ( 1 ) all the subsequent steps follow, rhe production ol 
SO has been postulated by many investigators (Cordes and Schenk, Z- Electrochem., 1933, 39, 
594). Harteck and Gieb {Ber., 1933, 66, 1815, ; physikal. Chem., 1934, 170, 1 ; Tram. Faraday 
Soc., 1934, 30, 131) advanced evidence from spectroscopic and thermochemical data for the for- 
mation of SO by the decomposition of an intermediate product H_,SO.j. (1) and (la) are 
therefore suggested for the initial stage in the interaction of sulphur dioxide and hydrogen. With 
the exception of ( 6 ) all the reactions mentioned above may lead to the observed decrease of pre- 
ssure due to the formation of condensible or/and adsorbable products of reaction such as SO 3 , 
H^,0 and S. The reduction of/; may also be due to the ‘clean up’ of hydrogen (Newman, Trans. 
Amer. Electrochern. Soc.y 1924, 44, 77) and other gaseous products b)^ the annular deposit of sulphur 
produced in (2), (3) and (4). Repeated observations have shown that H^S occurs only during 
the last stage of the reaction. The step S04-H,0 ->H.,S4-0 is therefore not considered 
along with (3). The production of H.,S according to this reaction at a later stage is also consi- 
dered unlikely in view of the instability of SO formed during the initial stage. According to 
'Fhomson and Hinselwood {Pror. Roy. Soc., 1929, A, 122, 616) the presence of sulphur dioxide does 
not affect the H., -O, reaction, The production of H,0 according to (3a) is therefore suggested. 
Joshi and Sharma (J. chim. phys., 1934, 31, 511) studied the decomposition of sulphur dioxide 
under silent electrical discharge. The decomposition mixture contained SO , O , about 10% 
undecomposed SO;, and two unidentilied solid products.- ‘SO decomposes under electrical 
discharge to produce S and SO 3 and the free sulphur combines with SO 3 to give a viscous liquid 
which absorbed SO;,’ (Berthclot, Ann. chim. phys., 1898, mV, 14, 167). 'Flic occurrence of the 
liquid product as observed may therefore be ascribed to the condensation of SO 3 or/and the 
formation of absorption complexes of S, SO. and SO 3 on the walls of the ozoniser. The slow 
diminution of pressure, indicative of the retardation of the reaction, may be due, in part, to de- 
position of sulphur on the annular walls. 'Fhc production of ozone in presence of a large pro- 
portion of hydrogen is remarkable. This agrees with the results obtained in the N..O — H., reaction 
under silent discharge where ozone and a series of higher oxides of nitrogen were detected despite 
the presence of excess of hydnjgen (Joshi and Deshmukh, Loc. cit.). 

According to Joshi [ Tran^. Faraday Soc., 1929, 25, 118, 137 ; Curr. Sci., 1939, 8, 548) the 
discharge current i depends on V --V^. Since i increases with the appearance of the liquid 
products (obtained presumably due to condensation of SO 3 ), it may be assumed that its pro- 
duction lowers the ‘threshold potential’ V,„. A simultaneous decrease of i and also the corres- 
ponding reaction rate, as judged by the time variation of /;, may be associated with the deposition 
of sulphur or/and the formation of adsorption complexes on the walls of the ozoniser. 

Grateful thanks of the authors are due to Prof. S. S. Joshi for suggesting the problem and 
kind guidance during the work. 
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ADSORPTION OF VAPOURS ON SILICA GEL AT LOW PRESSURES 

By B. P. Gya.ni 

, Adsorption of ethyl alrohol and carbon tetrachloride at 25° on silica gol has been measured at reduced 
pressure-^ with the help of a sensitiv’o manometer. It has been found that the whole of the carbon tetrach* 
loride in the adsorbed state may be confined to a two dimensional space which is not true for the adsorption 
of alcohol. The form of the Langmuir adsorption isotherm at low pressures has been conaidorod and it is 
found that the Henry’s law need not necessarily apply in those circumstances. 

Measurements of adsorption in the pressure range of 0.1 to a few mm. of mercury are 
few in existence. The mercury manometer is not sufficiently sensitive to explore the adsorp- 
tion in this region and conditions do not exist for the satisfactory working of such sensitive 
devices as the Pirani gauge or the viscosity gauges. In working with vapours little reliance* 
can be put in the McLeod gaguc. Though the experimental diffieullies are considerable this 
region is of importance in understanding the nature of adsorption. For, secondary factors that 
set in due to increase of pressure arc mainly absent so that the diffiTcnt equations of adsoriJ- 
tion can be put to a more rigorous test than usual. It was with these intentions that the 
following measurements were undertaken. 

Experimental 

The apparatus used for these experiments is shown in Fig. 1. The mercury manometer 
used in previous measurements (.7. Phys. C’/fcw., 1945, 49, was replaced by one of oil 

Fig. 1 



(M) and was so arranged as to eliminate zero error. A liquid trap, cooled in solid carbon 
dioxide, was interposed between the apparatus and the pump. It prevented effectively 
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any vapour from reaching the latter. To measure the pressure inside the apparatus the pump 
was started and Tg gradually opened, followed by Tg. The zero error was thus kept down 
to the efficiency of the pump which was better than 1()‘® mm. The difference in level on the 
two sides could be read directly on a scale rigidly attached to the manometer as usual with 
a telescope. An Apiezon oil of low density and moderate viscosity was chosen for use in the 
manometer. The density being 0.872, I mm. of oil --0.0044 mm. of Hg or 1 mm. of mercury 
= 15.52 mm. of oil 

The oil in the manometer was freed from dis.solved cair by pumping hard while the liquid 
was cautiously heated. bulbs on M were meant for catching the copious froth produced. 

The vapours w'ere swept out from the manoTueter after each measurement, the taps I'g? 
Ig being kept usually closed. One has to be careful in manipulating the taps, for a slight 
pressure difference between the tw^o limbs may throw the oil violently on one side and thence 
into the main apparatus. Jt is also necessary to employ tubings of at least 4 mm. bore in 
constructing the manometer to prevent the oil column from breaking at times. 

Two samples of silica gel described previously (Thesis, London, 1947, p. 25) have been 
used. One sample, UCL F, i)repared at the University (Vdlege, London^ was about three mon- 
ths old and had been evacuated for 2 liours at 300°-320‘\ The other sample, Patna TT, pre- 
pared at Patna, was three years old and had been evacuated at th(^ same temperature. 
Uniform elect] ical heating was em[)loyed in each case. The gel was flusherl several times 
with vapour before (.ommeiKcment of the first nin. 1'he whole apparatus was maintained 
at 25® throughout these* measurements. 



IB*Msur«, HiA)!! 


The results of these measurements are shown graphically in Figs. 2, 3 and 4. Fig. 2 shows 
the plot of the amount of ad^o^ption per unit weight of the gel, rim, expressed in g. mol. of 
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the liquid X 10^, against pressure p in mm. of oil. The forms of the isotherms are the same as 
obtained earlier with a mercury manometer in the same pressure range. Also, the amounts 
of adsorption at corresponding pressures in the two sets of data are substantially the same 
(Gyani, Thesis, London, 1947, p.l9 and Fig. 11). Saturation has not set in yet in the range of 
these pressures. 


D T .s c u .s s r o N 

The low pressure measuremeuts witli alcohol o.stahlish tlie oxistenec of the initial, almost 
vertical rise of the xim~p isotherm at pressures too small to measure (MeBain, “Sorption of 
Oases and Vapours”, p.l28 et seq., L mrlon, 1932). The upper limit of this pressure could 
not be larj'er thanO.OOO mm. of mercury, since such a pre.ssure could no doubt have been 
detected if not measured on the oil manometer. It is also proved with certainty that no 
appn'ciable quantity of carbon tetrachloride is retaine.l by either f^el at low pre.ssures. Fig. 2 
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shows that the plot of a:/m against p does not approximate to a straight line even when one 
confines oneself to pressures as low as 50 mm. of oil which corresponds to only 3 mm. of mer- 
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cury, but this fact as commonly supposed is not against the applicability of the Langmuir 
adsorption equation as shown below. 

fp 

Fig. 3 show.y the plot of agaiast p for both the compounds. The curves have a 

curvature concave towurd.s the pressure side whieh is only slight in the case of alcohol but 
strong in the ( asc of carbon tetrachloride. The data are therefore not in agreement with 
the Langmuir equation. 'I'o test the pre.sent data for a fit with the classical adsorption equa- 
tion, log rjm bus been i)lotte<l against log p for both the compounds in Fig. 4. The alcohol 
isotherm has a smaller slope than the one for carbon tetrachloride, but each is a satisfactory 
straight line in the range of the.se measurements. One may conclude that the classical equa- 
tion fits the data much more sati.sfactorily than the Langmuir equation. It may be of interest 
to point out that .separate experiments have shown that the heat of adsorption of carbon 
tetrachloride on silica gel is particularly variable with the amount of adsorption (Oyani, 
'Fhesis, London, 1947, p.l03). 1’he heat of adsorption fell from 9344 cal. per mol. of the liquid 
to 8782 as the amount of adsorption was <lccrcascd from 50.10 x 10'^ g. mol. per g. of the gel 
to 35.80. This variation is not recognised in the simple deduction of the Langmuir equation. 


Fig. 4 



^ Another jtomt of interest in these measurements concerns the slopes of the log xjm— 
log p curves. I’ho slo2)es are equal in the case of each vapour irrespective of the adsorbent. 
The slope of the C( 1^ < ur% e is very close to 2/3, whilst that of the alcohol curves is about 0.2. 
U the ijreviously exi)rcssed view of the author regarding the classical equation (J. Phys. 
Chem. 1945, 49 , 442) is correct, one has to conclude that the carbon tetrachloride molecules 
may be strictly confined to a two-dimensional space in the adsorbed state. The fact that the 
theoretical and the observed values of the slope agree so closely should be related to the ob- 
servation thftt there is no initial anomaly i.e. a veftical rise of the */m-p curve at i>->0, such 
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as is seen to occur with alcohol. One can therefore understand why the value of the slope 
in the case of alcohol is not significant. A part of the alcohol is obviously held by the gel 
very rigidly and is probably of the point-adsorbed type (J. Phys. Chem., 1945, 49. 442). 

Form of the Langmuir Isotherm at low Pressures 


Consider tlic slope of the Langmuir a<l8orption isotherm 

«/3p 


vjm-- 


a/3 


at the point p. 'I’he .slope = ,, _ , 

The rate of change of this slope at any pres.sure p is given by 

dp'^ ~ dp 




2ixp 


(I) ■ 




(.‘ 5 ) 


Wc thid from (3) that if the s1o]H‘ of tli(‘ isotlienu is small, it is most strongly curved near the 
origin. This result contradicts the usual statement that the isotlienu should become linear 
as p approa(*hes low values. 'Fhis statement is based on an approximate reasoning adopted 
by Langmuir himself (J. Amer. Chem. Soc., !!)!(>, 38 , 22lM). 


A general expression for the radius of curvature r of th(5 isotherm at a point p may be 
written down as 



dp^ 


Substituting apjiropriate values from (2) and (3) in (4), 

(I + (ip)^ I 
2a|3Ml i /W 

negle<;ting the negative sign. ()ne7can see readily that the condition that r be a minimum 
i.e. the isotherm be curved most, is 

... 



It is quite possible therefore that the pressure at which the isotherm is curved most, may bo 
close to the zero pressure, the actual value being determined by the constants a and /J. Large 
values of {i are particularly unfavourable to the validity of Langmuir's relevant statement 
which is apparent from an examination of (1) itself. 

It is seen from Fig. 2 that the isfitherms have their strongest curvatures well within 
50 mm. of oil (or 3 mm. of Hg). The isotherms therefore deviate nio.st strongly from Henry’s 
law within the range of these low pressures, but this fact by itself does not rule out the appli- 
cability pf the Langmuir equation as may be found frequently stated in literature. 
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The fact that the deviations from straight line graphs in Fig. 3 are at least qualitatively in 
favour of the classical equation 

x'm- ... ... ... (C) 

is demonstrutcd from the following eoiihidcration. Tn obhiining the value of the slope of the 

; /> curve from (()) one get.^ 

//m 

d / «-l . 1 ■ 

(Jpxxjml (lp\K. n xjm '** 

Equation (7) s Unit the slope of tlio curve is not constant but decreases as the amount of 
adsorption increases i.e. as tlie pressure increase^^, which is the fact actually observed. 

The experimental v\ork (h^scribed in this paper was carried out in the riiemical Labora- 
tories of the University (\)lle^e, Tiondon. The author is grateful to Professor S. Siigden and 
tlu‘ authorities concerned for the facilities provided. Part of this Avork has been alistraeted 
from the author’s Ph.l). thesis, London, 1047. 
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INTERACTION OF ARABIC ACID WITH ACIDS AND 
NEUTRAL SALTS 

By S. N. Mukherjee and A. i\ Bhowmjk 

Inloraction of arabio acid wiUi hydrochlonV and neutral salts like NaCl and BaCl, has been 
htudird. Tlie results Hupfgest tho occurronop of oxehango hotwren tlie double lajer round the niicollar 
anions and those in the intorrnieellar liquid. 

Id a previous eomiuunieation results of stiulies on lh(‘ interaction of arabic acid A\ith 
bases having cations of different valencies, both by potent ionu'tricand eonduetonietric methods 
luive been reported (Mukherjee and Gho.sh, this Jowmor/, 1940, 26 , 277). The potentionie- 
trie titration curves have been ob.served to present the eharaeteristies of a strong monobasic 
acid, w'liile the conductometric ones show two inflexions : one corresponding to the neutrali- 
sation of the free acidity and the other to the total acidity with each of the bases studied. 
The totfd acidity was not constant but varied v\ith the nature of the bases used for inter- 
action in the order : Ca(OH) 2 > Ba(OH) 2 > K()H> NaOH. Results of conductometric and 
poteiitiometric methods, as followed in this case, howcNcr, showed excellent agreement 
a mongst t lumisel ves. 

This variation of the total acidity might be the result of a base exehange process going 
on at the surface of the mieellar anions (arabate ion) as suggested in the previous communi- 
cation (Joe. n(.). In the present investigation an attempt has been made to throw^ more 
light on this aspect by .studying the interaction of neutral salts with this acid in the expee- 
tation that, if there be any base exchange proceeding in this system, it will show’ the effect 
of the .'^amc with neutral salts also having cations of different valencies. 

X r E R J M E N T A L 

The acid and the salts u.sed in this connection were of Merck's guaranteed reagent quality 
and were dissolved in equilibrium water of .specific conductance* 1.2 « JO mho at 35”. The 
arabic acid .solution had a concentration of 4 g. jjer 100 c.c. of the .solution and was prepared 
by eleetr()dialy.sis (cf. Thomas and Murray, J. Phy,s. Chew., 192S, 32 , 070) of a specimen of 
gum arabic (B.D.H.) purified by the method of Bungenberg de Jong (Koll.-Chevi. Beih., 1938, 
47 , 254). The solution so prepared corresponded with sol T mentioned in the previous (om- 
munication (loc. cH.). Measurements were all carried out in a thermostat kept at 35^ O.P. 

Interact iov with Acids 

The interaction of arabic acid with other acids w^as studied only in the ca.«e of HCl by 
noting the influence of this on the hydrogen-ion activity alone measured by the potentiome- 
tric method. A concentrated solution of HCl solution w as added dropwise to the arabic acid 
solution and the pn of the resulting mixture ascertained after each addition by the use of the 
hydrogen electrode. The maximum concentration of HCl did not exceed 0.24iV^ in the 
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mixture. The arable acid concentration in all measurements in this connection as well as 
for studying the interaction of neutral salts was 4 g. of the acid per 100 c.c. of the solution. 
A blank or control experiment was done by noting the changes in when [corresponding 
amounts of the same HCl solution were added to a volume of water equal to that of arabic 
acid solution used. The ultrafiltrate derived from the same arabic acid solution by passing 
it through a cella membrane (No. fiCK)) was also tested in the same way with HCl solution. 
Results have been graphically presented in Fig. 1. 


Fro. 1 



Of the three systems presented herein the Jirabic acid solution shows the least change 
in This therefore appears to possess some buffer mechanism within it, which w'orkvS 
even with the addition of considerable amounts of hydrochloric acid. 

The ultrafiltrate, on the etlier hand, shows a marked diminution of pu when the amount 
of HCl added is small. At liigher concentrations of HCl the p„ show^s a slight but a well 
marked tendency to rise indicating a decrease in H-ion activity. The geiuTal picture of the 
change inpn f^e case of the ultrafiltrate resembles more closely the ease of w^ater than that 
of the arabic acid when small amounts of HCl were added. 

The buffering mechanism of the arabic acid is not quite clear but it is pos^sible to explain 
this if w'e assume that, in the arabic acid solution, the “arabatc” ions remain as colloidal mi- 
celles round which there remains a layer of oppositely charged hydrogen ions bound, in con- 
sequence of wliich the H-ions in the former cannot register their activity by the potent io- 
metric metliod. Witli increasing addition of HCl a considerable portions of the H-ions added 
become bound and only a part remains free to register their activity by slowdy diminishing 
the Ph- In the ultrafiltrate the number of arabate ions is much f[‘wer as shown by Mukherjee 
and Gho.sh (this Jam nal, 1 949, 26, 277). Hence with increasing addition of HCl the hydrogen 
ions arc not retained bound to the .same extent as in tlie parent solution. With increasing 
addition of HCl the anion.s aggregate probably due to the partial neutralisation of their 
electrical charge, which the adsorption of H-ions eventually brings about and the bigger micel- 
les .subsequently take up a larger number of H-ions, in consequence of which the pn of the 
solution tends to show a slight increase , as in the latter part of the curve. This increase in 
size of the particles is warranted by the observation that at high acid concentrations Both 
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the parent solution and its ultrafiltrate develop turbidity and the former tends to coagulate 
at very high acid concentrations. 


Fm. lA 



The buffer capacity curves for both the parenf solution and the ultrafiltrate have been 
worked out by potent ioiuetric titration of these with NaOH by plotting dbldp^^ against mean 
base in milliequivalents and presented in Fig. 1a. Both present but one inflexion in their 
titration curves as referred to in an earlier j)aper (vide Mukherjee aiul (Biosh, loc. at.). These 
inflexions have been shown in Ihe buffer capacity curves as well, but tliere appears to be one 
important point where the curves differ from each otlier. The curve for the jiarent solution 
shows a flat jiortion in the region of half neutralisation, whereas this part is not (iiiite marked 
in the curve for the ultrafiltrate. The difterence in the behaviour of these in their interaction 
with hydrochloric acid may be suitably linked with the difterence in their bufter capacity 
curves for a probable explanation. 

hderactiou with Neutral Salts 

Variations of hydrogen-ion activity, chlorinc-ioii activity and specific conductance have 
been studied with increasing addition of NafT and BaCl 2 solutions to a 4% arabic acid 
solution both by potentiometrio and conductometric methods. In each case a control 
experiment was carried out by the addition of corresponding amounts of the salts to w^ater. 

Hydrogen-ion Activity. — Fig. 2 shows that neutral salts do bring about changes in 
the hydrogen-ion activity of the arabic acid solution. BaClj shows a greater depression of 
Ph than NaCl at corresponding concentrations. No blank experiment with water or HCl 
was done in this case because it is well known that neutral salts like NaCl or BaC 1 2 cause little 
change in hydrogen-ion activity and the behaviour is quite different in nature from that 
2 
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observed in the present case.* Increase in hydrogen-ion activity with addition of these 
neutral salts must therefore be the consequence of base exchange brought about by the cations, 
Ba being more effective than Na. 1'he greater total acidity observed with Ba(OH )2 in poten- 
tiometrie and conduct onietrie titrations of the arabic acid solutions as reported in an earlier 


Fkj. 2. 



coinnninicatioji (loc. cit.) may thus he an (iut(< me of gr(‘ater cfTiciency of Ba ions (o im rtai-e 
H-ion acti\ity of tlie solution hv replace ment fn in tin* double layer suirounding the micellar 
anions. 


Fkj. :] Fto. 4 



♦ For efFect of neutral salts on the b>drogen-ion activity of water and HCl vide Hafned ‘‘Physical 
rhoinistry of Electrolytic Solution,” . Hemhold PiibliMliing Corpii. 1043, p. 487 and pp. 450.80 
respectively. 
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Chlorine 4on Activity , — Variations in the activity of the chlorine ions wore also 
.studied and graphically represented in Fig. 8, by plotting (—log «^i) against concentra- 
tions of the neutral salts added. Chlorine-ion activity was measured by silver-silver chloride 
electrode prepared by the method of Noyes and Ellis (J. Amer. Chew. Soc.y UU7, 39 , 2532) 
and standardised against a .standard NaCI solution (cf. Harned “Phy.sieal Chemistry of Elec- 
trolytic Solutions,” Reinliold Publishing Corpn., 1943, p.557) of known chlorine-ion activity 
at 35". 

A blank experiment witli \Nater alone tor ])urj)oses of comparison NNas performed with 
both the salts and the results show'ii in Fig. 4. The graphs for against .salt concentrations 
(NaCI and BaCL,) are overlapping throughout the course studied wliieli signifies that the 
ehloriiu'-ion aeti\ities of NaCI and Ra(M ^ soluti ms at corresponding concentrations of these 
.salts, expressed in (Mpjivalents, arc ahnost identical at least in dilute .solutions. 

But when the.se salts aie addl'd to the arabic acid .solution, HaCI .2 sln>w\s a greater 
Cl -ion activity than Na(M at corresponding (‘quivalent concentrations (vide Fig. 3). 

Speeijir ('onductnnce -Blank experiments for BaCl.^ atnl N.iCl added to water is 
graphically shown in Fig. 5. Both the.se salts at the .same concentrations show' difference 
in specific conductance naturally <lue to a difference in their ionic conductance, Ba-ion ha\ing 
a greater conduclance (Lm, -55 mho at 18’) than Na-ion (Ls., 43.19 at 18"). When, 

however, the.se .salts are added to the 4% arabic acid .solution, the difference in .specific con- 
ductance disapjiears almost entirely and the plots for th(‘ .sp. condiictarn'c for the two .salts 
run nearly coincident as shown Fig. (). 

Fi<;. 5 Fio. () 


9 1 k i f 

This observation is interesting and suggestive. If we as.sume that both Na and Ba ions, 
when added in small quantities to a fairly concentrated solution of arabic acid (4% in the pre- 
sent case), can replace H-ions bound in the double layer and these H-ions can register their 
conductance in place of the added Ba or Na ions whose influence, though not entirely 
obliterated, is bpt small, we can find an explanation to this peculiar observation noted above. 
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Thus it appears that there is in all probability some type of base exchange going on in 
this system and the Ba-ion is more effective than the monovalent Na-ion. In this respect 
the present observations tally with those made in other systems by different workers (Mu- 
kherjee, Mittra and Miikherjee, Tmwf. Nat. Inst. Sci. India, 1937, 1 , 227, elseq.) so far as 
base exchange is concerned, because divalent ions like Ba have been generally observed to 
show greater base exchange capacity than monovalent ions like Na. 

In the light of these eonclusicms it is now easy to understand why Ba(OH)j should re- 
gister greater total acidity than NaOH as observed previously (Mukherjee and Ohosh, 
lor. rit.). 

(iratefnl thanks of the authors are due to Dr. .1. N. Mukherjee, Director of the Indian 
Agricultural Research Institute, New Delhi, for his kind interest and helpful suggestions in 
comieotion with this piece of work. 
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STUD1P:S in sesquiterpenes, part VI 1. ON THE 
IDENTIFICATION OF /?.CARYOPHYLLENE 

By Sukh Dkv and P. C. Guha 

The importance of the lihie nitrosite in the ideiititication of /?-(*aryophylIeiio lias been pointiMl out 
ntid some of its derivati\’es have hocn prepared. 

The mixture of hxdrocarhons, known as the earyophylleiies, occurs quite widely distri- 
buted ill nature (“Handbuch der Piianzeu-aiialyse”, dritter Band /erste spezielle 

Analyse 11, p.b04, 11)112 Ed.). Deusseii 1907, 356, 1) was tlie first to recognise 

that the ses(|uiterpene “earyopliyllene” is not a homogeneous substance. A prolonged series 
of investigations has led Deussen and <*o-worker.s (Aunrile?i,li)07y 356, I ; 1908,359, 240; 
1909, 369 , Til ; 1912, 388 , 136 ; J. prakt. (%em., 1911, //, 83 , 483 ; 1914, 90 , 324 ; 1926, 114 , 
03; 1927, 117 , 273 ; 1928, 120 , 133 ; 1929, 122 , 261) to conclude tha< caryophyllem* contains 
tw’o, and \(*ry probably three hydro(*arbons, viz., a-caryophyllene, /i-caryophyllene and 
y-caryo])hyllen(' or /.socaryophyllene. The work of Ruzicka and Wind (Hoh\ ('him. Acta, 
1931, 14 , 4H)) has rendered the homogeneity of y-earyophyllene, also dotddful. 

Only a very partial se])aration of these sesquiterpenes can be efllected by fractional dis- 
tillatio]!, and the evidence which Deussen has advanced for their individual existence* is based 
on the isolation of a number of crystalline deriv'atives originating from differc‘nt hydrocarbons 
(Deussen, Aiimthn, 1912, 388 , 136). 

Of the various deriv ativ es’ av ailabh* for the characterisation of //-caryophylleiK* (Deu- 
ssen, /or. cit. J. pmkl. (7ifm., 19U), the blue nit resit e holds a iiniepie position. The nitro- 
sochloride is not very suitable, since vvluMiever an attempt is »nade to obtain a nitrosochlorido 
from a hydrocarbon fraction rich in /y-caryophyllene, always a mixture of nitrosochlorides 
is obtained from whiedi the isolation of //-earyophylleiu' nitrosochloride is very laborious and 
often fails ; in (haling with a mixture of a-earyophyllene and /y-cary(q)hyllene, which usually 
aeeompany each other, the nu're recrystallisation of the crude nitrosochloride leads to the 
isolation of a-caryophylkmie nitrosochloride, even though in the original mixture the /i- 
caryophyllene may be predominating. The caryophyllene dihydrochloride can be obtaiiu'd 
from both //- and y-caryophyllene. It is not clear whetluT the /y- caryophyllene alcoliol ori- 
ginat(\s only from /y-earyophyllene or can also be obtained from the y- and a- varieties. In 
contrast to all this the blue nitrosite is known to originate definitely from /y-caryophyllene 
and can be very easily prepared and purified. 

During the identification of //- caryophyllene, isolated from Hardwickia pinmUt oil, it was 
observed that the melting point of the blue nitro.«ite cannot be raised beyond 1 10 ’, though 
Deussen has reported a m.p. of 1 Ifi'’ (.4wna/ew, 1907, 356 , 13). Since the difference in the m.p. 
is appreciable, wo were, at first inclined to the view that the nitrosite from the Hardwickia 
pinnata oil might be different from ^-earyophyllene nitrosite. As a result of further investi- 
gations it has become clear that the m.p. 1 10" is the correct m.p. of /y-caryophyllene nitrosite. 
A sample of /y-caryophyllene nitrosite prepared from genuine caryophyllene (B.D.H.) also 
melted at 110° and the mixed m.p. with the sample prepared from the oil of H. pinimUi was 
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undepressed. This has been confirmed by Simonsen* {prtviale communication). Ho has 
stated that the m.p. of our product (a sample was sent to him) when introduced in a bath 
at 100° was 112° and that the mixed m.p. with an authentic sample was the same. Tt has 
been observed by us also that the m.p. of the nitrosite depends to some extent on the rate of 
heating. When the temperature is raised rapidly, the substance melts at about 112°, but 
on raising the temperature of the bath slowly towards the end (the correct i)roccdiire for 
finding out m.p.) the substance always melts at 110°. 

Derivatives of the Nitrosite . — ilecausc of the importance of this blue nitrosite in the eharac- 
tori sat ion and identification of ^-caryophyllene, the properties of the nitrosite have been 
cxamincfl. The very high optical rotation of the nitrosite (-)-1661) is quite characteristic. 
The nitrosite is not solu})le in aqueous alkali, hot or cold, indicating thereby that the nitrosite 
is a true nitroso compound and does not i.somerise to the oxime form. It reacts easily with 
strong bases to yield characteristic nitrolamines. The niirol-pipEridifte and nitrol-henzifl- 
atnine have been prepared. The nitrosite easily reacts with iodine giving a very characteris- 
tic crystalline compound. 'Fhe hydrochloride obtainable by pa.ssing hydrochloric acid gas 
through an ethereal solution of the nitrosite is also a useful derivative. The melting points 
of these compounds are recorded in the following table. 


(*oiiipoiiud. 

M.p. 

M.p. ns m 

the literaliiro. 

rosiU' 

IIO’ 

Ilf) ♦ 

Xjtrolhon/ylaiiiiiic 

172-7.3' 

172-7.3 * 

Vitiolpiporidino 

l,'>(>-57’ 


1 1 \ drochlondo 


137°*, UU°|- 


12h* 

12Vt 


IhMissoii (Avnnlni. lOI’i, 388, IHh). ft Doiis-;oii (./. prnht. Chnn.. lUl li, 90, 

K X r E K 1 M E N T /V L 

'fhe blue nitrosite was prepared from the //-caryophyllene fraction of Hardwickin pinnata 
oil (Sukh De\ and Ohua, this Journal ^ 1049, 26 , 263), and was obtained in blue needles, m.p. 
110° w ith effcrvescene ; [alu, +1600 (r, 1.24% in chloroform). 

N itrolbenzylamine. — To O.i) g, of nitro.site, benzylamine (1.5 g.) was added. 1 he mixture 
was healed on a water-bath for one an<l-a-half hours. The blue colour disappeared and the 
colorless solution was cooled, w^hen the compound crystallised out. Alchool (3 c.e.) was added 
to it and boiled to dissolve the crystals and allowed to crystallise slowly. I he product was 
once recrystallised from alcohol and once from chloroform-alcohol mixture and was obtained 
as white, silky neddles, m.p. 172-73° with previous shrinking. 

Nitrolpiperidine . — A mixture of the nitrosite (l>0g.), piperidine (1.9 g.) and alcohol 
(10 c.c.) w'as refluxed for half an hour and allowed to cool. Water was added till a 
turbidity just appeared. This was again heated to obtaili a clear solution and allowed to 


The anthora’ aineere thanks are due to Prof. J. L* Simonsen, F. R. S. for taking a mixed m. p. 
of their nitrosite with his own sample. 



STUDIES IN SESQUITERPENES 


321 


crystallise slowly. The product was recrystallised from alcohol several times till the m.p. 
became constant. It was obtained as white, prismatic needles, m.p. 156-67° (the m.p. depends 
on the rate of heating, by quick heating it melts above 158° while by slow heating, below 
155°). (Found : N, 8 . 6 . C 20 H 34 ON 2 requires N, 8.8 per cent). 

Nitrosite Hydrochloride, - The blue nitrosite (I.O g.) was dissolved in dry ether (7 e.e.). 
The solution was chilled to— 20°^ and saturated with a rapid current of dry hydroehloric acid 
gas. The hydrochloride started separating out towards the end. The bluish green reaction 
mixture was worked up by removing the solvent and the excess gas in vacuum in a minute 
current of dry air. The residue was reerystallised from ethyl acetate till the m.p. became 
constant (two crystallisations). The product was obtained as blue needles, m.p. 138''\\ilh 
effervescence, yield 80%. 

^'ldn-nitrosite'\ — The nitrosite (1.4 g., 0.053/) was dissolved in 5 c.c. of chlorofoim 
and iodine (0.5 g., 0.041 atom eq.) dissolved in warm chloroform (15 c.c.) was introduced in 
three lots to the nitrosite solution with shaking. The mixture was then allowed to remain 
at room temperature with occasional shaking. The iodine colour was slow'ly discharged 
and w'hen the colcjur had faded out to a pale brown (four hours), the solution was pouicd in 
a dish and the .solvent allowed to evaporate during several hours. The residue on tri- 
turation with a little ethyl acetate became solid. It was reerystallised from ethyl acetate 
(5 C.C.). 'Fhe product was obtained as stout, transparent, hexagonal prisms, yield 1.0 g., 
m.p. 12 ()'', (these can be obtained several cm. long and several mm. thick by slow crystalli- 
sation), ()rang(‘-red in colour (the colour depends on the size of the crystals, by (piick crystal- 
lisation, small, |jrac‘tically c-olorless ery.stals can be obtaincrl. The large red crystals give 
a practically white pow'dcT on crushing). 
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KINpyi’lCS OF HALOGENATION OF FATTY AOTDS 
FART I. lODTNATlON OF AOETfC ACFO 

By Mihir Nath Das and 8anti R. Paltt 

Tilt' kinetifs of iodination of so lium ncotate dissolvod in QOt*tif ar-itl have boon measured at 35® 

and 25 for sodiiiin acetate concentrations between 0.01 M and 1.0 M an I for iodine concentrations lietween 
O.OlAf — 0.05Af. The reacton rate is found to be nearly bimolecular at the beginning but falls off very 
rapidly owing to the inhibiting oOoct of the iodide ions formed during the reaction and also to the opposi- 
tion caused by tht* back reaction, d’he value of tends to increase witli tlecrease of acetate concentration 
and lies in the range 1.2 to \A\ y 10 * mol ' litre miii-k 'fhe energy of activation is of the order of 25,000 
calories. 

Among lithium, sodium and potassium acetates the speed of reaction is in the order : K>Na> Li, 
which is also the order of the conductivities of these solutions. 

It H surmised that the acetate ion is being iodiiuited and iodine being an electrophiln* reagent, the 
reaction is fa\ourc*d by the con<*<‘ntration of negative charge round the oaairbon atom owing to repulsion 
of eleidrons from the negative ionic charge at the earboxylate eml. 

A corihidorabU* anioiiiit of work lias been done on the a-halogeiiatioa of saturated alipha- 
tic acids with a view to explaining the in ech an ism of the reactions involved (Steiner, B^r., 
1874, 7 , l«4 ; Lapworth, J. Chem. Soc., 1904, 85,41; Aschan, Ber., 1912, 45, 1913 ; 1913, 
46 , 2192; Ward, J. ('hem. Soc., 1922, 121 , 1191 ; 1923, 123 , 2207; Watson, J. ('hem. Soc., 
1925, 2097 ; ('hem. Rev., 1930, 7 , 173 : Hell and Ureeh, Ber. 1880, 13 , 531 ; Waston, 
et al., J . ('hem. Soc., 1929, 1373 ; 1928, 2779). This has, however, been mostly restriett'd to 
bromination and chlorination at somewhat elevated temperatures, and usually in presence of 
catalysts. Very little information, however, is available on the iodination of carboxylic a(*ids. 
This is, no doubt, due to the relative inactivity of elementary iodine in direct substitution 
reactions. As a general rule, direct iodination, especially at ordinary temperature, is rather 
rare and only a very few' types of organic compounds are found to undergo direct iodine subs- 
titution w’ith any meas\irable speed at room temperature. C^arboxylic acids are, in general, 
quite stable towards this element even at fairly high temperatures. Watson and Roberts 
found no reaction to occur when acetic acid was heated with iodine at 109° (J . Chem. Soc., 
1928, 2779). It has long been known that solutions <»f iodine in glacial acetic acid can he 
preserved unchanged for any reasonable length of time and even iodine monochloride^ which 
is a much stronger iodinating agent than iodine itself, has got no appreciable action on glacial 
acetic acid, w^hich is actually used as a solvent for this reagent (Wij’s solution). Bromine 
and chlorine also do not react with saturated aliphatic acids unless at somewhat elevated 
temperatures, and many investigators have actually use<l glacial acetic acid as the medi- 
um of reactions involving bromine and iodine (Bartlett and Vincent, J. Arner. Chem. 
Soc., 1933,55, 4993, ; Nazaki and Og^,ibid., 1942, 64, 997 ; Robertson and co-workers, 
J. Chern. Soc., 1938, 179 ; 1933, 1323 ; 1937, 337 et seq.) 

Inspite of this inactivity of the carboxylic acids towards halogens, in general and iodine, 
in particular, it has been observed by one of the authors (Palit) and has already been reported 
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in course of a previous note (Das, Science Culture, 1948, 14 , 165) that a solution of sodium 
acetate in glacial acetic acid, or propionate in propionic acid and similar systems react 
with iodine dissolved in the same solvent and that the reaction proceeds with a measurable 
speed at ordinary temperature. BromiriC also reacts in a similar way and more readily than 
iodine. Wo have undertaken a detailed study of this reaction with a view to finding out 
the general characteristics and to elucidating reaction mehcanism. The present paper reports 
the results of a preliminary study of the acetate-acetic acid-iodine system. 

It may be mentioned in this cormection that iodine has also been found to react with a 
solution of sodium acetate in glycol, but in this case, it is not known with certainty as to 
whether the acetate or the glycol is being iodinated, as there is every possibility that glycol 
itself, though it normally remains practically unaffected by iodine, may react with iodine 
under the (catalytic infiuenee of the acetate. We have therefore chosen acetic acid as the 
solv(‘nt in order to eliminate this uncertainty. We have concerned ourselves mainly with 
the following physicochemical aspects of the reaction : — 

(/) Light sensitiveness 

(ii) Effect of concentration of the reactants 
(Hi) Effect of temperature 
(ic) Effect of other acetat(‘s 
(<^) Effect of water 

(vi) Effect of added salts 

(vii) Effect of medium. 


J'i X P E H I M E N T A L 

Sodium acetate was twuce rccrystallised from water and the crystals were 
subsequently fused. The fused mass was preserved in a desiccator. Iodine was purified 
by resubliniination over potassium iodide. Glacial acetic acid was partially frozen out and the 
solid fraction was distilled over ‘drierito*. Solutions of iodine in the acetic acid so purified 
were found to give constant litre values against thiosulphate over a considerable length of 
time (more than two weeks). 

Experiments were carried out at two temperatures, 25^ and 35°. The thermostat used 
for the purpose maintained a constant temperature throughout and maximum variations 
were within ±0.05°. 

Glass-stoppered bottles W'cre used for the reactions. Five c.c. of n^action mixtures were 
pipetted out, at definite intervals, into 50 c.c. of water in which potassium iodide was dissol- 
ved, in order to arrest the reaction as also to keep the iodine in solution. Titrations were 
done with iV/lOO standard thiosulphate solution with starch as indicator. Freshly boiled 
water, well cooled, was used for the purpose. Experimental results were checked and 
found to bo fairly reproducible. 

Concentrations of the acetate were varied between the limits 0.01 Jlf — l.OJlf, but mostly 
W^e used rather high concentrations (0.4 to l.OJf) to maintain the salt effects more or less 
constant, and also because at such high concentrations of the acetate the reaction was 
fairly fast and thus convenient for measurements of iodine consumption. 

3 
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Iodine concentrations were varied between the limits 0.01 Jlf — 0.06 il/, the higher limit 
being determined by the low solubility of iodine in glacial acetic acid. Further lower concen- 
trations of iodine could not be investigated owing to experimental difficulties. With very 
low concentrations of iodine, reprodueible results could probably be obtained only by the 
total exclusion of atmospheric oxygen and estimation by colorimetric methods, which we 
have not don<‘ so far. 

1\) (M onomise space we reproduce here only the results obtained with relatively high con- 
cont rations of the acetate, the iodine concentrations being restricted to two values. Direct 
titre values in(‘.c. of (hthtl A7ld()-thiosulphate are given, a typical run in each case being chosen 
for the purpose. At the foot of each column are given the corresponding values of (bi- 
molecular constant) calculated from both sets of experiments (which were mostly done in 
duplicate). 

I 


'havge nf thiomlphnte titre with time 

in presence of dijf. cone. 

of NaAc at I 


Cone, of iodine — ().()241M. 


'I’iiue. 

1.0A/-NaAc. 

0.8A/-NaAc. 

O.OA/.NaAc, 

. 0.4A/-NmAc, 

0 Dim. 

24.20 

24.20 

21.20 

21.30 

lo 

21.8.5 

22.40 

22.52 

23.10 

20 

20.70 

21.20 

21. Oi 

22.40 

ao 

20.05 

20.50 

21.22 

21.90 

41 

10.20 

29.80 

20.40 

21 30 

(>() 

18.80 

19.30 

19.92 

20.90 

!)() 

18.10 

18.00 

19.12 

20.15 

J20 

17.75 

18.10 

18.70 

19.05 

180 

17.10 

— _ 

18.04 

10.00 

24 Jioiirs 

15.90 

1 0.J1).5 

l(i.35 

10.02 

/.•, X I0‘(litr(‘s/p. 

1.28 

1.15 

1.34 

1.50 

inolo Diin.) 

1.10 

1.15 

1.54 

1.50 


Table 11 




Iodine and sodium acetate at 136^. 



Cone, of iodine -- (h0l2d6il/. 



J.OM-NnAc. 

0.8A/-NaAr. 

O.OAf-NnAc. 

O.iAf-NiiAr. 

0 mill. 

12.15 

12.15 

12.15 

12.15 

10 

10.95 

11.10 

11.20 

11.50 

20 

10.35 

10..50 

10.72 

11.14 

ao 

9.80 

10.14 

10.42 

10.00 

45 

9.45 

9.70 

10.02 

10.00 

iiO 

9.10 

9.30. 

9.70 

10.30 

1)0 

8.80 

9.08 

9.30 

10.02 

120 

8.50 

8.74 

9.04 

9.00 

180 

8.30 

8.38 

8.02 

0.28 

24 hours 

7.85 

8.00 

8.08 

8.10 

k^X 10*(Iitros/g. 

1.17 

1.41 

1.61 

1.06 

molo luin.) 

1.24 


1.61 

1.68 
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Tablk hi Table IV 

Iodine and sodium acetaate at 25'" of other alkali metals. 

Temperature .‘]5 ^ 

O.HAi -NaAr 0.4Ai.NaAf i.i)A/-KAu 0.43/.J.iAr 


Time 

1 o.oi2o:>M.j, 

r 0.0 l 205 M - I .. 

Tune +0.0120 r > A /- l ,. 1 

-0 02 U 5/.. ra . 

U mill. 

12. I.T 

12.15 

0 min. 

12.1.1 

24.30 

10 

11. S 2 

12.00 

10 

10.12 

23.30 

20 

ll..-)0 

1 l.SO 

20 

0.38 

22.75 

.‘{0 

11.2.1 

11 72 

30 

8.00 

22.50 

4.‘> 

10.02 

11.52 

45 

s.oo 

22.02 

00 

10.72 

11.30 

00 

8.31 

21.05 

00 

10.30 

11.10 

!)0 

8.18 

21.01 

120 

o.os 

10.85 

120 

S .04 

20.00 

ISO 

0.00 

io.r>i 

180 

7.78 

10.00 

2 1 i>nurs 

8.30 

8. IK 

24 hours 

7.40 

17.0 

hi < loqlilrt's/jj: 

0.3.1 

0.41 

4*3 X l0*(lilr(‘s/^. 

2. 1 7 

1.27 

molr inm.) 

0.33 

0.11 

% 

molo mm.) 

2.24 


As will be 

seen from above, tlu' reaction rate raf>idly falls off 

with progn* 

ss of time. 

'This is not only due to the gr 

adual consumption 

of iodiiu' in course 

of the reaction, but also. 

In a great(‘r nu 

'asure, to the 

formation of tri-iodide (If) with the 

iodide generated, which 


results ill a (l(‘creaso of tiie (‘fteetive eoneerit ration of iodine. Addition of iodides, as expected, 
stroni^ly relards the reaction. 'Fliis is naturally a eoinmon feature of many reactions involv- 
in^ iodine in which tlie r(‘action rale depends on the iodine concentration. For a proper 
intcrpn'tat ion of tlu‘ kiiudics of the reaction, therefor(‘, a knowledge of th(‘ tri-iodide equi- 
librium in *flacial acetic acid is essential. Tliis, ho\vi*ver, involves enormous complications 
in the calculations which cfiuld be simplified to some extent by carrying out the reaction 
in pn'sence of iodide added in excess (cf. (bifl’th and Mackeuon, Trans. Faradaif Soc., 

28, 7r)2; Nazaki and l(tc. rit.). But at a relatively hii^h concentration of iodide, the 
reaction becomes inconveniently slow for accurate ineasurenuMits, and hence it was not 
possible to carry through in the above manner. 

In addition to the tri-iodide formation, there is evidently another complicating factor 
involved Ift're. The reaction is found to .stop, for all practical purposes, in kvss than 24 hours 
(or 4S hours with Ioav concentrations of reactants), and even with Aery high concentrations 
of acetate, th(‘ reaction is never found to reach completion. This has been amply verified 
by the fact that on keeping the reaction mixture at a constant tiunperature for two wrecks 
at a stretch, no appreciable change in the titre value was observed after 2 days. All these 
observations tend to suggest that, in all probability, a state of equilibrium is reached at 
Avhieh the greater portion of the iodine remains unchanged. 

Light Sensitiveness. — The reaction has been studied both in diffused daylight and in the 
dark, and no marked difference has been observed. No photochemical reaction therefore 
is involved here, at least so far as the Ausible region of the spectrum is concerned. 

Effect of Concentrations of Reactants, — The reaction rate depends on the concentrations 
of both the reactants. The initial speed is approximately proportional to the fiist power of 
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the concentration of each reactant. 1^he absence of exact proportionality is presumably due 
to the use of concentration terms instead of activity, incomplete dissociation of the acetatb 
in glacial acetic acid which has got a rather low dielectric constant (d.l3 at 20°), and also to 
kinetic salt effects which are naturally quite pronounced at the high acetate concentrations. 

The dependence of the reaction rate on the iodine concentration is significant, when 
compared against the rate of halogenation of ketonic compounds, the latter reaction being 
zero- order with respect to iodine. 

Attempts have been made to fit the experimental results in various kijictic equations, 
but without any success so far. This is due to the complicating factors discussed above, 
and hence the initial speed of the reaction has been grapliically determined in the folkming 
way. The values of ^xjAt (where x denotes the iodine consumed at time t) for different 
values of the mean time were plotted against the mean time (/) whereby a straight line was 
obtained for the first part of the n^action. On extrapolating the straight line so obtained, 
Ar/A/ at <—0 was found out from the eurve. From the value of A-r/A^ the velocity con- 
stant k was determined from the general ecpiation for a biomolecular reaction : 

- k, lAoetatfl [I, I 

For sodium acetate-iodine reaction at 35"", the v.alues of k\ so obtained were found to lie m the 
range 1 .2 -1 .ff 10’-* litre/ g. mole, minute. As will be observed from the tables, this value 


Fig. I (Upper half) 



Fig. 1 (Lower half ) 

Upper curves : Reactions between 0*4M-sodium acetate and 0*012053/-T; 

at 25° (denoted by circles) and at 35° (denoted by triangles) 

Lower ciirvea : Reactions between sodium acetate and 0‘01205Af-l2 

at 26° (denoted by circles) and at 35° (denoted by triangles). 
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has got a tendency to increase with lower acetate concentrations. At 25°, the value of 
lies in the range 0.35—0.41 X lO’* (litre/g. mole, minute). The values of so deteriniiied arc 
shown in Tables T-IV, at the foot of the corresponding columns. 

Effect of Temperature. — ^'Fhe reaction is much slower at 25"" (curve T). Moreover, at 
the lower temperature, there appears to be a short time lag in the initial period, in which the 
reaction is very slow. The ratio of calculated in the above manner was found to 

be in the neighbourhood of 4, which requires the energy of activation to bo of the order of 
25,000 g. cals. 

Effect of other Acetates. — As evident from Table IV, the speed of the reaction is in tlie 
order :K>Na>Li. The value of for pota'-^sium acetate is found much higher (about SO %) 
than that for sodium acetate under equivalent conditions, whereas the difference be- 
twc'cn lithium and sodium acetates is not so considerable. It is significant that this is in 
the same order as the conductivities of the respective acetates in glacial acetic acid medium 
(Kolthoff and Wiliman, J. Amer. Chein. Soc.y 1034, 56 , 1014). 

Effect of Water. — Very small amounts of water added to the reaction mixture are with- 
out any a))precial)Ic ettcct, but as the proportion of water is gradually increased, the s])eed 
steadily increases and the equilibrium is shifted towards the forward direction. 'Fhe ad- 
joining curve (Fig. 2) gives tlie comparative speeds at 25°. of the reactions in glacial ace- 
tic acid and in 50% acetic acid, from which the pronounced difference will be eviflcnt. Heac- 
tion in such aqueous solvent is still under a more thorough in\estigation. 


Fig. 2 



Reactions between 0*4M-Na cicetato and 0*01205^11-1, at 25° 
in glacial acetic acid medium (denoted by {triangles) and in 50% 
attiioous acetic acid medium (denoted by^ circles). 


1) I S C TT S S I O N 

It is rather significant that though compounds containing ketonic carbonyl group rea- 
dily undergo iodination at ordinary temperature, especially under the influence of acids and 
bases, carboxyl as also carboethoxy compounds are practically inert towards this element. 
This difference in behaviour of these compounds is easily understood, when viewed in light 
of the electronic mechanism of organic reactions. 

The first step in the halogonation of ketonic compounds is a prototropic change which 
^as first suggested by Lapworth (J. Chem. Soc.y 1904, 85 , 30) and has since been confirmed by 
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many investigators. Any such tautomOric tendency is, however, absent in mono-carboxylic 
acids, because that would lead to a loss in the resonance energy associated with the carboxyl 
group. The carboxylate ion possesses even higher resonance energy than the carboxyl group, 
though the exact value of this stabilising energy is not available (Pauling, “The Nature of 
the Chemical Bond”, pp. 203-204). Any prototropic tendency must therefore be absent in 
the carboxylate ion as well. 

Thus, tautomeric etfect is of no significance in the substitution reaction we are studying 
and inductive effect plays an important role. 

It is an established fact that the halogen molecules are polarised as X 2 — X'*X‘ (Waters, 
“Physical Aspects of Organic Chemistry”, pp. 167-08; Remick, “Electronic Interpretation 
of Organic Chemistry”, pp. 65-56). Inhere is definite evidence to show that the positive 
end of the halogen molecule is the active reagent, which naturally seeks that part of th(' 
substrate molecule at which the olectron density is rather high. Halogenating agents are 
therefore electrophilic in character, and molecules containing elec'tron-repolling groups, 
have got a tendency to undergo halogen substitution. (J roups of the form — CO.^R, which 
include undissociated carboxyl groups in free carboxylic acids are electron -attractors 
(Hughes, Trans. Faraday Soc.y 1938, 34, 185) and hence resist electrophilic substitution. 
The carboxylate ion, on the other hand, repels electrons due to the influence of the nega- 
tively charged oxygen atom : 


H--Cii 
1\ , J* 




O h HI 


The negative oxygen atom, through the operation of its own f effect, tends to shift 
el(‘ctrons towards the carbonyl carbon, which, in its turn transfers th(‘ effect to tlu' 
methyl carbon atom. Thus, there is a local increase in the electron density at this n-eai - 
bon portion of the molecule which attracts the reactive positive halogen ion, leading to 
substitution. 'Phis seems to account for the reactivity of the acetate ions to\vard.s iodifui- 
tion, as against the inactivity observed with undissociated a(‘etic acid moleeulev. 


The above mechanism is further supported by the fact that undissociated [)henoIs and 
phenolic ethers do not readily undergo halogenation, \\ hennas phenoxidc ions arc readily 
lialogenated (Hunter and Bundrow, J. Amer. Chem. Sac., 1933,55, 2122; Soper and Smith, 
./. Chew. Soc., 1926, 1582 ; 1927, 2756). Tt has Also been found that salts of unsaturated acids 
(maleic etc.) add bromine and iodine more readily than the acids themselves (Berthoud 
and Mosset, J. rhirn. phys., 1936, 33, 271; Robertson, J. Chem, Soc., 1937, 337). As both 
addition and substitution reactions with halogens occur primarily through a similar electro- 
nic mechanism (Ingold and Ingold, J. Chem, Soc., 1931, 2354) these observations are quite 
in lino with our arguments set forth above. 
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S'rUDlES ON THE ELECTRIC POLARISATION AND STRFCTIiRE OF 
MOLECULAR COMPOUNDS. PART I 
By Boor Ctiand Sahnky, Ram Mitba Beri, H. B. Sarna and 

Mahan Singh 


Total polarisation of the moleeulnr compounds of xi/m.-trinitrohenKene, 2 : 4 .dinitrophenol. 2:4-dini- 
tio-1 -clilorolx'nzi'iiu witli hydrofarbuiiM, phenols and aininoH hn\obeen measured ond the results discus- 
s<‘d 111 ndation to tlie structure of the molecular compounds. 


Lowry ((^heni. Ind.^ M)24, 43 , 218) has suggested that molecular com pounds arc foimed 
l)y intcrmolccular co-ordination. Bennct and Wills (J. Chem. Sac., J920, 256) liavc supiiorted 
th(‘ above view, ])ointin^ out that the deeper colour of tlie molecular compounds and the 
simple stoichiometric ratios in whicli the components are present are furthei’ evidence of the 
chemical linkage. The electronic formulation of these cf)mpounds is based on tlic 
suggestion that the nitro group w ith structure (I ) is capable of actpiiring structure (I I) under 
c(‘i tain conditions of activation. 


() 


-N 


% 


() 


. 0 

-N- 

N) 


(I) (iJ) 

The nitrogen of the nitro group in the activated state can accept a pair of electrons from 
amino groii]) of amines and the compound is thus represented as 



NO, 

In case of molecular compounds of trinitrobenzene with hydrocarbons, one of tlie double 
bonds of liydrocarbons acts in the polarised form as 

^CR CJI 


and donates a pair of electrons for the co-ordinate linkage. 

Recently, evidence has been adduced against the formation of these coni])ounds through 
a semipolar bond. Absorption spectra of compounds of w/ -dinitrobenzene and picric acid 
with a number of hydrocarbons (Hunter, J . Chem. Soc , 1936, 1576) indicated that they were 
mer(4y suj)erim})osition of curves of two components and neither the position of maxima nor 
log K indicated anything more than a small interaction. X-ray studies of j[>-iodoaniline-trini- 
trobenzene compound (Powell, J. Chem. Soc., 1943, 153) showed that intermolecular distances 
were greater than 3.5 A w^hich excludes the possibility of any chemical bonds between mole- 
cules. Briegleb and co-wwkers (Z. Physik, 1932, 19 , 255 ; 1934, 26 , 63) after extensive inves- 
tigations on the heats of interaction, dissociation and combination concluded that the forces 
involved in molecular compound formation w'ere those of interaction between a strongly polar 
group of one component and induced dipole in the other. The electrostatic forces thus in- 
volved are intermediate between Van der Waal’s forces of attraction and true co-valencies. 
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In view of the above it was considered desirable to make a detailed study of the dielec- 
tric polarisation of the molecular compounds. Wo have therefore determined the total 
polarisation of the compounds of ^ym.-trinitrobenzene, 2:4-dinitro-l-chlorobenzene, 2:4- 
dinitrophenol and picric acid with hydrocarbons, phenols and amines with a view to discus- 
sing their structures. 


Experimental 

The molecular compounds of «ym.-trinitrobenzene, 2:4-dinitrophcnol and 2:4-dinitro- 
1-chlorobenzene were obtained by mixing the alcoholic solutions of the components in mole- 
cular proportions and boiling the mixture for a requistie time. The product was crystallised 
3 or 4 times. Great (‘are was taken to avoid any decomposition during crystallisation. 


Total Polarisation Measurements 

The dielectric constants of the solutions were determined on the heterodyne beat 
apparatus described before in a previous communication (this Journal, 194S, 25 , 285). 
The working of the apparatus was cheeked by making determinations on a number of 
standard substances of known values of dielectric constants. The densities of solutions 
were determined by means of a specific gravity bottle. The refractive indices of the 
solutions were measured on the Pulfrieh refractometer using sodium lamp as a standard 
source of light. Benztme with r —2.283 at 20“ was taken as tlie reference substance. 
The dielectric constants, molecular concentration, dipole moment and total polarisation 
of the components are given in Table I and those of the compounds wdth hydrocarbons in 
'fable Jl, with amines in Table 111, and with naj)hthols in Table IV. 

Table 1 


Nn. 

Nhiho. 

Mol. 

cone, 

(/.) 

Temp. 

Dic'lectnV 

constant. 

Total pola- 
risation 

Dipole 
moment 
(Debye nmt). 

]. 

aj-Dinitrobcn/one 

0.01071 

293.2" A 

2.613 

329.6 

3.743 

2. 

Pktic acid 

0.003869 

293.0^^ 

2.296 

89.1 

1 .345 


2:4-Diiiitroplienol 

0.009549 

293.0" 

2.247 

281.8 

3.314 

4. 

2:4-1 )irutro- 1 chl<)rn]>cn/onc 

0.008734 

293.0 

2.442 

296.6 

3.275 

T). 

Naphthalerie 

Benziciino 

0.01368 

293.4^' 

2.287 

45.3 

0.0 

a. 

0.004788 

293.5 

2.291 

8r>.63 

1 .375 

7. 

«-Metliylnaplithal(me 

0.002604 

292.8 

2.296 

48.1 

0.2296 

H. 

a Nitronaphlhalonc 

0.005094 

293.0 

2.394 

327.9 

3.680 

a. 

Fluoreno 

0.010602 

293.0° 

2.286 

54.7 

0.28 

10. 

a-Naphthol 

0.01217 

292.8^ 

2.330 

86.3 

1.387 

11. 

P Naphthol 

0.01217 

292.9 ’ 

2.;i3l 

88.77 

1.412 

12. 

a- Naphthylaniine 

0.01227 

292.6° 

2.:i53 

115.7 

1.780 

13. 

/J-N aph thy lam i no 

0.01227 

292.6° 

2.362 

130.0 

1.904 

14. 

o-N it roam lino 

0.006393 

293.0° 

2.469 

430.80 

4.231 

15. 

m-Nitroaniline 

0.004676 

293.0° 

2.450 

520.7 

4.680 

16. 

o-Chloroaniline 

0.01939 

293.1° 

2.376 

95.48 

1.773 

17. 

2:4:6-Trichloroanilino 

0.00837 

293.4° 

2.351 

154.10 

2.168 

18. 

Phenanthrene 


. . 

, , 

60.7 

0.0* 

19. 

/»ym.-l:3:6-Trinitrohonzene 


. . 


63.88 

0.8* 

20. 

Bromonaphthalene 


. . 

* 

104 

1.58* 

21. 

m-Chloroaniline 




201 

2.80* 

22. 

jo-Chloroaniline 



. . 

223 

2.93 

23. 

0- Bromoaniline 


. . 


104.4 

1.77* 

24. 

m-Bromoaniline 

. , 

. . 


187 

2.65^ 

26. 

p -Bromoaniline 

, , 

. . 

. . 

227.6 

» 2.99* 

26. 

p-Iodoaniline 


. . 

. . 

199.4 

2.82* 

27. 

Aniline 


. . 

• • 

79.7 

1.66* 


♦The data for compounds 18 to 27 

have been taken from the 

Trana, Faraday Soc,, ld34, 

, 80, Appendix, 
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Table TI 


Polyniiro compounds with hydrocarbons. 


No. 

Name. 

Mol. cone. 

IVmp. 

Dielectric 

Total pola- 

DipolO 



(/) 


constant. 

risation (Pi ). 

moment 







(Debye unit). 

1 . 

m -Diiii 1 robenzene- naphtha lone 

0.002988 

>92.5 A 

2.364 

376.7 

3.735 

2. 

?/< -Dinitrobenzeno-henzidiru) 

0.002814 

292..5” 

2.338 

407.8 

3.900 

3. 

anm .-Trinit robenzene 







— naphthalene 

0.0026990 

293.5^ 

2.289 

76.93 

0.8590 ' 

4. 

Do - penanthroiu* 

0.004620 

293.0^ 

2.298 

128.0 

1.023 

6. 

Do - iluorone 








0.000995 

292.8' 

2.299 

111.5 

0.8020 

' 6 . 

Do - 'bromonay)hthnlono 

0.004215 

292.9 

2.308 

144.7 

1.741 

7. 

Do benzidine 

0.(K12327 

292.7 

2.294 

160.4 

1.020 

8. 

Do — a -methy Inaphtha lone 

0.002327 

293.4 ’ 

2.298 

120.4 

1.227 

9. 

Do — 1-nitronaphthalene 

0.002277 

293.0 * 

2.322 

355.7 

3.309 

10. 

Picric acid-naphtholeno 

0.002409 

293.0” 

2.921 

121.5 

1.148 

11. 

2 : 4 -D i n i t rophcnol- 







n -naphthalene 

O.OO.IOOI 

293.2” 

2.307 

279.7 

3.022 

12. 

2;4-Dinitro-l -chlorobenzene 







/? -naphthalene 

0.002074 

293.2’ 

2.337 

.347.8 

3.450 



Tabi.b hi 





Polynitro compounds with anmie*^. 


No. 


Name. Moi. 

cone. 

IVinp. 

Dic'lei trie 

Total 

Dipole 




if) 


uon.stant. 

poInriHation. 

inojnent 








(Debye unit). 

J. 

-Dm itro benzene 








naplitliylainiiH' 

0.002840 

292.8 A 2.3.59 

442.8 

3.956 

2. 

2:4-Dinitrophenol „ 

0.002705 

292.8 

2.322 

397.5 

3.042 

3. 

2:4-DinitrO'l -chlorobenzene ,, 

0.002559 

292.9 

2!345 

438.7 

3.875 

4. 

a ton 

•Trinitrobenzime - ,, 

0.002173 

293. r 

2.292 

128.8 

1.811 

5. 

Do 

/j -naplithy lain ino 

0.002183 

293.0’ 

2.294 

145.0 

1.945 

0. 

Do 

— //i-chloroanihno 

0.002035 

293.3^ 

2.311 

212.5 

2.597 

7. 

Do 

o-ehloraniline 

0.005191 

293.2 

2.311 

J52.2 

1.048 

8. 

Do 

yi-chloroaniline 

0.002035 

293.4^" 

2.312 

216.3 

2.031 

9. 

Do 

— 2:4:0-tric)iloninilinc 

0.004180 

298.1 

2.305 

153.7 

1.77 

10. 

Do 

o-nitroaiiiline 

0.002495 

293.3 

2.302 

510.4 

4.400 

11. 

Do 

/^?-iiitroauiline 

0.002527 

293.0 

2.39J 

556.3 

4.58 

12 . 

Do 

— o-bronioanilirie 

0.00457 

292.7" 

2.305 

140.1 

i.75:< 

13. 

Do 

— m-broinoaniline 

0.002277 

292.0 

2..300 

228.3 

2.049 

14. 

Do 

p-broinonnilin<' 

0.002277 

292.5 

2.308 

246.0 

2.704 

16. 

Do 

— p-iodoaniliiie 

0.002070 

293.0 

2.30 ) 

210.7 

2.503 

10. 

2:4-Dinitrophonol -aniline 

0.003192 

292.7” 

2.328 

201.2 

3.010 


Table IV 

Polyniiro com pound.'< with iiaphthols. 


No. 

Name. 

Mol. cone. 

"Uinp. 

Dielectric 

Total 

Dipole 



if) 


const nt 

polarisation 

moment 

1. 

j»V^^t*‘Trini{ro- benzene — 




(Pt) 

(Debye unit) 


a-naphthol 

0.004850 

293.r\-V 

2.304 

129.2 

1.035 

2. 

Do — i3-naphthol 

0.002484 

293,0 

2.293 

124.8 

1.512 

3. 

Picric -acid ■ a-naphthul 

0.002303 

293.0 

2.299 

173*5 

1.937 

4. 

Do — jS-naphthol 

0.002363 

293.0 ■ 

2.299 

173.6 

1.987 

6. 

2:4-Dmitro- 1 -chloro- 







benzene — a -naphthol 

0.002548 

292.5^ 

2.338 

393.3 

3.687 

6 . 

2:4-Dintro-l -chloro- 







benzene — p -naphthol 

0.002548 

292.5 

2.340 

404.2 

3.688 
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Discussion 

The following tables record the values of the additive and experimental total polari- 
sation and their differences. 


Table V 


Polyniiro compound.^ with hydrocurboyia 


No. 

Substanoe. 

Total p 

olarisation 



Additive sum. 

Kxptl. 

Difference- 

i. 

wt -Din i t robonzone — iiaph tl i alene 

374.9 

376.5 

— 0.60 

2. 

m -Dinit robenzone— benzidine 

41 5.2.3 

407.8 

f 7.43 

.3. 

.-Trinitrobenzene —naphthalene 

109.18 

76.93 

f 32.25 

4. 

syni . -Trinitrobenzene — phenanthrene 

124.68 

128.2 

- 3.62 

6. 

aym. -Trinitrobenzene — flnorene 

118.58 

111.5 

1 7.08 

6. 

Ai/wi .-Trinitroben/eno — benziiline 

149.51 

150.4 

- 0.89 

7. 

aym. -Trinitroben/ene — bromonaphthalene 

167.88 

144.7 

-f 23.18 

8. 

JV// 7 /} .-Trinitrobon/ene-' inethylnaphtlialene 

112.28 

126.4 

-14.12 

9. 

aym. -Trinitrobenzene- nitronaphthalene 

391.78 

365.7 

+ 36.08 

10. 

Pierie acid naphthaleno 

134.4 

121.5 

+ 12.9 

11. 

2:4-Dinitroph(*noI naphthalene 

327.1 

279.7 

h47.4 

12. 

2:4-Dinitro- 1 -chlorobenzene -naphthalene 

341.9 

347.8 

- 5.9 


Table 

VI 




Pohjnitro compounds with naphthols. 





Total f 

) olarisation 

No, 

iSubi^tnnce. 

Additive sum 

Exptl. 

Difference. 

1. 

sym . -Trinitrobenzeno — a -na})h thol 

150.18 

129.2 

^ 20.98 

2. 

Do — -/1-naphthol 

162.66 

124.8 

+ 27.86 

3. 

Picric nci(l— m-naphthol 

175.4 

173.5 

t 1.9 

4. 

Do — /I naphthol 

177.87 

173.6 

1- 4.37 

6. 

2:4-Dinitro-l -chlorobenzene e-naphthol 

382.9 

393.2 

-10.3 

6. 

Do — /3-nnplithol 

, 385.37 

404.2 

-18.83 


Table 

VI 1 




Polynitro compounds with amlnea 





Total p 

o 1 a r i s 

a t 1 o n 



Additive 

Rxptl. 

Difference. 

No. 

Substance. 

sum. 



1. 

m -Di nitrobenzene n -nnphthylamino 

44.5.3 

442.8 

h 2.5 

2. 

2:4-Dinitroplienol -naphthylamine 

407.5 

397.5 

h 10.0 

3. 

2:4-Dinitro-l -chlorobenzene a -naphthyl- 





amine 

412.3 

438.7 

-26.4 

4. 

« </ /« . -3' r i n 1 1 r oben ze lie — ^ -naph thy lamine 

179.58 

128.8 

d 50.78 

5. 

Do -a-naphtliy lamine 

193.88 

145.0 

+ 48.88 

6. 

fij/w .-'rnnitrolienzene — o-chloroaniline 

1.59.36 

152.2 

+ 7.16 

7. 

Do -w-chloroaniline 

267.88 

212.5 

1 55»38 

8. 

Do — p-chloroaniline 

286.88 

216.3 

+ 70.68 

0. 

Do - trichloroaniline 

217.98 

153.7 

f 64.28 

10. 

Do - a-nitroaniline 

494.68 

546.4 

-61.72 

11. 

Do • — 7a-nitroaniline 

684.68 

656.2 

+ 32.28 

12. 

Do — o-bromoaniline 

168.28 

140.1 

+ 28.18 

13. 

Do ■ — m-bromoaniline 

260.88 

228.3 

+JJ2.68 

14. 

Do ~ jE>-bromoaniline 

291.33 

246.0 

+46.38 

16. 

Do — p-iodoaniline 

263.28 

216.7 

+ 46.68 

16. 

2 : 4-dini t rophenol — aniline 

861.80 

261.20 

+ 100.81 
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With the exception of about half a dozen cases, these differences are quite big. They 
are both positive and negative. The total polarisation, 

P=Po+Pf.+Pa+Pi +-Pr, whore Poi Pe 3 Pa* Ply Pr orientation, electronic, 
atomic, ionic, and radical polarisations respectively 

The change in any of the constituents forming P will result in a change in the value of P. 
Therefore, in order to ascertain the cause of the change in the total polarisation on the for- 
mation of molecular compounds, we have tried to study and discuss the change due to each 
of the constituents of the total polarisation. 

Orientation polarisation P„ is due to the unsymrnetry of the molecules. When the 
centres of the positive and negative charges are not coincident, the molecule possesses a dipole 
moment equal to the product of the charge and their distance of separation. In the case of 
polynitro substances, orientation polarisation is due to the nitro group attached to the 
benzene or other hydrocarbon nuclei, the hydrocarbons themselves being non-polar. Tn the 
molecular compounds with hydrocarbons these polynitro compounds combine with the ring 
as a whole and no special group combination takes place. No change therefore takes place 
in the orientation polarisation in the case of molecular compounds of polynitro substances 
with hydrocarbons. 

Pk can be measured optically by means of refractive index (in the infra-red region), 
because the electromagnetic light waves can only caus(‘ the displacement of the electrons 
without affecting the atoms and the nuclei. Measurements of the electronic polarisation of 
the components and those of the molecular compounds show that there are no appreciable 
changes in the electronic polarisation on the formation of molecular (‘ornpounds or in other 
words, electronic polarisation is not affected by the intermolecular changes accompanying 
the formation of the molecular compounds. 

The remaining constituents forming the total polarisation are : 4 Pa h Pr- The 

chaTiges in the valu(\s of Pi an* called interionic and those* in th(* values of Par are called 
intermolecular changes of polarisation. In the case of heavier molecules the main contri- 
bution will be due to the ionic polarisation /V” formed, and any intermolecular 

changes will be small compared with this term. Therefore, we may write as a first approxi- 
mation for the differences of the vibrational polarisation term P(iar) hi the molecular com- 
pound formation, 

PlAn ^ - (PlAU* + P'^lAu) ^ Pl^" 

if we neglect the small differences in the intermolecular terms. 

Now’ lot us consider how the change in the total polarisation is due to the ionic polari- 
sation. In the formation of the molecular compounds, there is a change in the structure 
of the electronic clouds of the constituents, because the two constituents while entering as 
uncharged molecules, are transformed into ions in the molecular compounds. The surrounding 
field will now have a profound effect on the electronic clouds of these highly polarisable mole- 
cules. If the surrounding field has a positive charge, it will compact or harden the elec- 
tronic clouds. On the other hand, if the surrounding field has a negative charge it will soften 

electronic clouds of the nucleus, in which it is present. The general effect of the eleotrio 
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field upon polarisation has been stuc&ed by Smyth, Born and Heisenberg. They have shown 
that the effective polarisation (Peir) in the presence of a strong field depends upon the 
polarisability (a) in the ‘unstrained state’ and the strength of the field. It is clear that a- 
effective is greater than a for positive charges and a-effective is less than a for negative charges. 

Although it is possible to explain to a small extent both negative and positive differences 
of the polarisation of the molecular compf)iinds from the sum of the components by the 
causes explained above, yet there are in most cases differences of a very high order. This 
indicates that there is some other ])henomenon along with the above factors which is at work 
for such big polarisation differences. It therefore appears that in the formation of these 
molecular compounds, different resonance forms of the components take part in the compound 
formation. The extent to which a resonance form reacts depends upon the energy condi- 
tion as well as the second reacting component. 

For the quantitative treatment of the resonarice structures and the effect of the rotational 
polarisation on the formation of molecular compounds, it v as consider(‘d necessary to compare 
the dipole moments also of the above compfmnds with those of the additive sum of the com- 
ponents These results will be described in the next communication. 

DKPARTMlCNr OF KiiUCATlON 
AND 

'IHE UnIVEUSITV of K\ST PlINJAH. 


nfCPtrffI Apr a 20, 1049. 



[Jour. Indian Chem. Soc., Vol. 26, No. 7, 1949] 


ORGANIC FUNGICIDES. PART II. ON CERTAIN 
ETHERS OF CRESOTINIC ESTERS 

By a. B. Sen and K. C. Joshi 

Several esters and etlier-esters of cresotinic acids have been prepared. 

Cavill, Vincent and Gibson (J. Soc. Chem. hid., 1047, 66, 175) observed that esters and 
ether-esters of 4-hydroxybenzoie acid (ibid., 1047, 66, 274) possess ^ood fiin^ijistatie activity. 
The present work was therefort' undertaken to pre])are analoj^ous esters and otluT-esters of 
ortho- and we^;-cresotinie aeids, which may also be exj)ecttMl to })ossess similar fungistatic 
activity. 

The esters of o-cresotinic acid have been obtained by Schot ten- Baumann’s reaction by 
treating the acid chloride (obtained by the action of phosi)horus p(MitaehIoride on the acid, 
suspended in petrol ether) with an excess of the recpiisite alcohol (Anschutz, Bcr., 1S07, 30 , 
223; Ansch, Schroeder, WcIht and Anspraeh, Annatf^n, lOOS 346 , 342). The (\sters of 
w-cresotinic acid have been obtained by Fischer’s method by r(‘fluxintr the parent acid with 
an excess of the requisiti* alcohol containing 3%hydrochloric acid gas as a catalyst. (Behai, 
Bull. f^oc. chiw., 1008, iv, 3 , 730; l>inner, Bcr., 1800, 23 , 2tl38). 

The method used for the preparation of th(‘ (‘thiTs v\as an adoption of that described 
by (Cavill and Gibson (J. Soc, (^hem. hid., 66f 274) who obtained tltese ethers by re- 
fluxing the sodium derivative of the hydroxy-esters witli the appro])riate //-alkyl iodide in 
.absolute alcohol, 'fhe sodium derivative of tin* cresotinic acid-alkyl ester itself was ol/tain- 
ed by the addition of the ester to an ecjuivalent quantity of sodium etJ)oxitl(‘, dissolved in 
excess of absolute alcohol. 


E X P E H I M K N T \ L 


'^l-Oxij-*^-wethylhc 7 izoyl (chloride. -2-()xy-3-methylbenzoyl chlorich* was prepared by the 
method of Anschutz (Joe, cit.) and Ansch ft at. (foe. cit.) by treating (/-cr(‘sotinic acid (100 g.) 
with PClr, (105 g.) in petrol-ether (2,‘)0 c.c.). The petrol-et h(*r and POGI.t were removed and 
the residual licpiid distillefi under reduce<l pressure. It is a j>alf‘ yellow' lupiid, b.p. 2027''^unn., 
yield 102 g. (01 . 1 % of theory) (Anschutz c/ ///., /or. cit. report m.]>. 28 ). 

JijSifTfi of o-(^rfs(ttiiiic Acid. — H’h(\se esters were obtained by Schotlcui- Baumann s reac- 
tion by treating 2-oxy 3-methylbenzoyl chloride (I mol.) with excess of the requisite anhy- 
drous alcohol (4 mols.). The excess of the alcohol was removed, the residual liquid washed 
with cold 20%caustic soda solution and extracted with ether. The ethereal layer was washed 
with water, dehydrated over anhydrous sodium sulphate*, the ether removed, and the residual 
liquid distilled under reduced ])ressure. I'lie folhnving compounds have been obtained. 


CV)inpoun(lH. 

K o a r t 

ants. 

lA’o Propyl 

(1) 2-Oxy 3-methyl 

Acid chlo- 

alcohol 

isopropyl benzoat e 

ride (20g.) 

(35 c.c.) 

(2) 2-Oxy 3-methyl 

Acid chlo- 

n -Butyl 

n-butylbenzoate 

ride (25 g.) 

alcohol 


(60 c.c.) 


1’ablk I 

Y i o I <l. Doiliii^r point Aiial.vsis. 

obs. Eoiiiul. Vulc. 

15 g. 68.0% 1947riiiini. (\ 67.68% 68.04% 

• H. 7..35 7.22 

22 72.2 175/7 (\ 68.76 69.23 

H, 7.71 7.69 
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Besides, 2-oxy-3-methyl methylbenzoa^ and 2-oxy 3-methyI ethylbenzoate were also prepared 
and their boiling points were found to be the same as reported by Claisen and Eisleb (AnnaUn, 
1913, 401 1 82) and Anschutz et ah (foe. cii,). 

Esters of m-Cresotinic Acid, — The two esters of m-cresotinic acid, 2-oxy-4-methyl methyl- 
benzoate and 2-oxy-4-methyl ethylbenzoate, were obtained by Fischer’s method by refluxing 
the acid with the requisite alcohol in presence of 3% hydrochloric acid gas. Their boiling 
points were in agreement with those reported by Biedermann {Ber., J873, 6, 324) and 
Pinner {he. cit.). 

Ether-estprs of Cresotinic Acids, — ^These compounds were obtained by refluxing for 4 
hours, the sodium salt of the cresotinic acid-alkyl ester (1 mol.) with the required alkyl iodide 
(20% in excess) in absolute ethyl alcohol. The sodium salt was prepared by adding sodium 
(1 mol.) to excess of absolute alcohol and treating the sodium ethoxide, thus obtained, witiv 
the required ester (1 mol.). The excess of the alcohol was distilled off, the residual reaction 
mixture treated with water to dissolve the sodium iodide and extracted with ether. It was 
dehydrated over anhydrous sodium sulphate, the ether remo\ed, and the residual liquid 
distilled under reduced pressure. The following ether-esters have been obtained. 


Tablk II 


(‘oinpouTuls. 

[R ^ ben/.oat<q 

R.p. 

Yield. 

Mt>l. 

(‘ » 1 
Kouml. 

h o n 

Calc . 

K \ d 
Found. 

I () fj c* n 
(‘nlc 

(1) 2 Kthoxy a me- 
thyl nieth>l-R 

lo4 4 mm. 

53.8% 

Cj. n., <), 

07.71% 

68 04 «o 

7.32% 

7.22% 

(2) 2 Methoxy 9 
methyl eth> 1- R 

146‘’/2r) 

51.6 


67.69 

68.04 

7.12 

7 22 

(3) 2-Ethoxy 3 
methyl ethyl- R 

148 /,> 

54.1 

<*.. H., O, 

68.84 

()0.2;i 

7 .•»8 

7.6') 

(t) 2-Metliox> 3- 
methyl ?>opropyl R 

13r> /.f) 

62.2 

<’.= H,.. O, 

68.03 

60.23 

7.44 

7 69 

(.'i) 2-Etho\y 3-inc- 
thyl i«opr()p> 1 R 

I 2 r> /r> 

43.7 

^ W|» (), 

69.88 

79.26 

S 04 

8.11 

(fi) 2-Methoxy 3-me- 
thyl w-butyl-B 

102 lo 

74.9 

^ 11 Hj. Oj 

69.94 

70.26 

S.06 

8 11 

(7) 2-Ethox> 3-me- 
thyl M butyl R 

10878 

66 6 

(*14 Oj 

70.06 

71.16 

8.41 

8.47 

(8) 2-Kthoxy 4 me- 
thyl inetlivl-R 

140 VlO 

76.1 

(■„ H.. 0. 

67.02 

68.04 

7.14 

7.22 

(0) 2-Methoxy 4- 
mothyl cthyl-R 

152 /7 

74.2 

(•„ H,. O. 

67.88 

68.04 

7.26 

7.22 

(10) 2-Ethoxy 4- 
methyl ethyl-R 

156 /5 

86.5 

0, 

69.13 

69.23 

7.56 

7.60 


(‘hemistby Department, 

hue KNOW University, Lucknow. 


fiereiv(ff February 11, 1949. 
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STUDIES ON THE FRIES REARRANGEMENT. PART TJI 
By a. B. Sen and V. S. Mjsra 


Several o-liyiiroxy-kutones liavo been prepareil 

arid. 


bv the Fries rearran^oniont of esters of ay9-nonenoir 


The Frieh rearrangement of esters of several unsatiirated aliphatic* acids has already 
been descTibcd in the first two parts of this seri(\s (Sen and Misra, this Journal^ 1948, 25 , 
393; 1949, 26 , 149). In all the three cares studicnl so far, only o-hy<lroxy-ketones were obtain- 
cmI. In the present paper this n^action has been extendc^cl to four esters of a^-nonenoie 
acid, viz., phenyl, o-, m- and ^)-cresyl, which on treatment with anhydrous aluminium chlo- 
ride have been found to rearrange mainly into o-hydroxy- ketones. The ketones have been 
characterised through their 2:4-dinitrophenyIhydrazon(^s. 


E X P E R 1 M E N T A Ti 

CLp-Konenoic acid was prepared by the method described by Harding and Weizmanii 
(,/. (^hem. Soc.^ 1910, 97 , 301). Malonic acid (57 g.) was dissolved in dry pyridine 
(93 c.c.) and to the ice-coolcnl mixture was gradually added w-heptaldehyde (57 g.). The 
mixture was allowed to stand at the room temperature (28 -32'') for GO hours with frequent 
shaking, and finally heatcnl on a w'ater-bath for 6 hours. On acidification with 25% hydrochlo- 
ric acid (200 c.c.), the a/y-iionenoicj acid scq)arated out as an oil. It was taken up in benzene, 
w^ashed with water, dried and distilled under reduced pressure, b.p. l47^/7mm. (Harding and 
Weizmann, lac. rit. report b.]). I44'‘/I3mm.), yield G5% of theory. 

(Itloridf oj a/J-Nonenoic ^{cid.— a/8-Noncnoic acid (20 g.) and thionyl chloride (28 g.) were 
refluxed together for 4 hours on a water-bath. The excess of thionyl chloride w^as removed 
and the chloride distilled under reduced pre8.sure, b.p. 104‘^/IOmm. (Harding, loc. cit. 
reports b.p. 144790mni.). 

Phenyl Ester of onenoic Acid.—^e phenol (4.8 g.), taken in a round bottom flask 
fitted with a reflux condenser and a dropping funnel, was gradually added a/Z-nonenoyl 
chloride (9 g.) and the mixture was heated on a water-bath till the evolution of hydrogen 
chloride had ceased. On cooling and addition of cold water, the ester separated out as an 
oil which was then exracted with ether, washed with water, 1 % caustic soda and then again 
with water. The ethereal solution was dehydrated over anhydrous calcium chloride and the 
ether removed. The residue was distilled under reduced pressure when the ester was obtained 
as a colorless oil, b.p. 151°-15271inm., yield 10 g. (Found : C, 77.41 ; H, 8.43. C15H20O2 
requires C, 77.58 ; H, 8.62 per cent). 

o-Creayl Eater of afi-Nonenoic Acid, — a/9-Nonenoyl chloride (10 g.) was heated with 
freshly distilled o-cresol (6 g.) and the ester obtained in the usual manner, b.p. 17674mm., 
yield 10.6 g. (Found : C, 77.91 ; H, 8.81. CjeHaaO-j requires C, 78.04 ; H, 8.94 per cent). 
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"m-Cresyl Ester of ixP-Sonenoic Acid. — m-oresol (6 g.) was added a/?-nonenoyl chlo- 
ride (10 g.) and the ester isolated as usual, b.p. 16774mni., yield 9.5 g. (Found : C, 77.88 ; 
H, 8.65. CieHaaOjj requires C, 78.04 ; H, 8.94 per cent). 

p-rVe-s'/// Kf<t( 0 ' oj ccp-Nonenoic Acid . — ^The acid chloride (9 g.) was added to p-cresol 
(5.6 g.) and the ester isolated in the usual manner, b.p. 1817Jbnm., yield 9 g. (Found : C, 
77.76 ; H, 9.05. TigHoaGg requires (\ 78.04 ; H, 8.94 per cent). 

Fries Rearrangement of the Phenyl Ester of ali-Nonenoic Arid . — ^Thc ester (8 g.) was gradu- 
ally added to finely powdered anhydrous aluminium chloride (6.8 g.) taken in a 250c. c. round 
bottom flask, fitted with an upright (‘ondenser and a dropping funnel. The mixture was 
heated on a boiling water-bath for 2 hours and to the bluish red puffy mass obtained, dilute 
hydroeldoric acid was added. A bluish oil separated out after some time, w’hich was taken 
up in ether and washt‘d sueec'ssivcly with water, 1 % sodium carbonate solution and finally 
with water. The ethereal extract was dehydrated over anhydrt)us sodium sulphate. After 
removal of the ether the residue was distilled under reduced pressure w^hen a light blue oil 
was obtained at 120 '/2min., yield 4.4 g. It conformed to the characteristic tests of n-hydroxy- 
ketones (Pyman, J. ('hem. Sor.^ 1930, 280) and was identified as I -(2'-hydroxyphenyl)-non- 
2-ene-l-one. (Found : C, 77.32 ; id, 8.86. P1.5H20G2 requires {\ 77.58 ; H, 8.62 per cent). 

'Die 2:4-dintrophenylhydrazorie w%‘is obtained in the usual manner as nvl crystals, nnp. 
201°. (Found : N, 13 78. requires N, 13.59 per cent). 

\-(’2'-HydnKry-iy-methylphenyl)’7}on’2-etie~]-one. The above ketone w'as obtained by 
heating o-crosyl ester of a//-nonenoic acid (8 g.) with anhydrous aluminium chloride (6.5 g.) 
and the o-hydroxy ketone isolated as in the pteceding case, b.p. 1397»lnim., yield 
4.2 g. (Found : 78.26 ; H, 8.72. (^6^22^2 requires (\ 78.(t4; H, 8.94 per cent). 

The 2:4-dinitrophenylhydrazone, obtained in* the usual maimer, melted at 217-18°. 
(Found ; N, 12.84. ('22HjoGr,N4 requires N, 13.14 per cent). 

-Hydroxy A' -nieihylphenyl)-noH’'l-eneA -one . — The rw-eresyl ester (9 g.) w^as heated 
with anhydrous aluminium cliloride (7,2 g.) and the above ketone was obtained as a 
greenish oil, b.p. 14274mm., yield 5 g. (Found : (\ 78. 36; H, 9.22. requires 

78.04, H, 8.94 per cent). 

The 2:4-dinitrophenylhydrazone was obtained as before, m.p.221°. (Found : N, 12.79. 
C22H26O6N4 reepnres N, 13.14 per cent). 

\-{‘y-Hydroxy-ry-7nethylphenyl)-non-2-eneA-one.—p-{>k^^y\ ester (8 g.) on heating with 
anhydrous aluminium chloride (6.5 g.) gave exclusively the above ketone, b.p. 13274mm., 
yield 4.0 g. (Found : 77.59 ; H, 9.42. CieHgjiOg requires C, 78.04; H, 8.94 per cent). 

The 2:4-dinitrophenylhydrazone was obtained as described previously, m.p. 209°. (Found : 
N,13.33. Co2H.2e06N4 requires N, 13.14 per cent). 


Chemistry Department, 
Lucknow University, 
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STUDIES ON 'J’HE FKIES REARRANGEMENT. PART IV 

Ry R. Sen am) V. S. Misra 

Krioh reiimiugeuietil willi ('Htfr-, of I'rofonic ncid Imi, hoeu studied. 

In a iiHinbor of pajx'rs of Oii.s (Sen and .Misra, (liis Jounutl, U»4S, 25. ‘Ib.'J, 1940, 

26 , 141), 337) Fries rrairaii^c^iiKMit lias ^tndicHl with e^ti'rs of iinsatiirated aliphatic 

acids. In the ])rcsciil papiT tlii.'. reaction has hecii extended to (‘.sti'rs of erotonie acid, which 
lias a smaller number of eai hon atoms than tliose alrc*ady di‘MTil)ed. As in the ])revious 
eases, esters of jihc^nol, o-, m- and /)-eiv<ols have been jiri'pared. 'fhese esters on treatment 
with anhydrous aluminium chloride r(*arran^t‘d mainly into o/7//o-hydroxyketones (about 
t)t)-08%) which w(‘r(‘ cliaracteri^ed thnuiLdi their -:4-clinitroph(‘nylhydrazon(‘s. 

It may be point cfl out lliat aciylyl chloride on tn^atnuait with ahimmium chloride in 
the preseiice of benzene is known to ^iv(‘ 1-hydrindone ( Kohler, Anur. Cltnn. »/., lllOO, 42, 
375). In tliis case this possibility is riilcMl out as tli(‘ ju’i.diict obtained gave the Ihieyer’s 
permanganate test and deeolorJS(‘d bromine in carbon t(‘t?'a(‘hlorid(‘, thus jiroving th(‘ pr(‘S(*nee 
of double bond in th<‘ mok^cide. I\‘rhaps the presence of a methyl group in the a-position 
inhibits the cyclisation to hydrindom*. 

The effect of temperature and soKiait has aKo bi'cn studied with the p-cr‘esyl C‘ster of 
erotonie acid. 1'he solvents used w(‘r(‘ chloi’olxuizeiu^, nitrobenzene, tetraehloroethaiu' and 
tolumu* ami the tem|)eratur(‘ maintained at HMt t*xcept in the eas(‘ of nitiobenzem' (SO'"). 
The addition of solxent instead of im[iro\ing the yields resulted in considerable lowering 
of yields and involved considerable experimental difticultv. Fi*om this study of effect of 
temperature the optimum condition arriverl at for tlie r(‘arrang(MH‘nt was found to lx* I4t)', 
with 1.5 moles of anhydrous aluminium chloridr^ and a reaction time of two houi’s. 

E \ V K R I M E N T A L 

CroUmyl (^hloridc. From erotonie acid (20 g.), suspend(‘d in .20t) c.c. of petrol-ether, and 
55 g. of thionyl chloride, 22 g of crotonvl chloride w(*re obtained by following the method 
of Staudinger et al. (fier., 1010,49, 1001), b.]). 123"-I21 (Staudinger et ol. report b.p. 
124M2G°). 

Phenyl EMvr of Crotonic dr/r/. — I'o phenol (0.4 g.), taken in a 100 e.e. flask fltted with a 
reflux condenser and a dropping funnel, was gradually addc'd crotonyl chloride (10.4 g.) and 
the mixture w\as heated on a water-bath for 2 hours. After cooling ami addition of water 
the ester separated out as an oil which was taken up in ether, washed with 1 % caustic soda 
and finally with water. The ethereal extract was dried over anhydrous sodium sul])hate and 
the ether removed by distillation. The residual oil was distilled under reduced pressure, 
b.p. 161711mm., yield 11.5 g. (Found: i\ 73.00; H, 6.21. CioHioO., requires C, 74.07; 
H, 6. 17 per cent). 

6 
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o-Cresyl ester of crotonic acid was prepared as above from o-cresol (10.8 g.) and the 
acid chloride (10.4 g.), yield 10 g., b.p. 177711 mm. (Found : C, 75.12 ; H, 6.88. CnHijOj- 
requires C, 75.0; H, 6.81 per cent). 

m-Cresyl ester of crotonic acid was prepared as above from 10.8 g. of w-cresol as light 
green oil, yield 10 g., b.p. 189710mm. (Found : C, 75.09 ; H, 6.87. CjiHigOg requires 
C, 75.0 ; H, 6.81 per cent). 

'^-Cresyl ester of crotonic acid was obtained as above from 10.8 g. of p-cresol, yield 1 Ig., 
b.p. ISr/lOmni. (Found : C 75.19 ; H, 6.92. requires C, 75.0 ; H, 6.81 per cent). 

Fries Rearrangement of the Esters 

To finely powdered anhydrous aluminium chloride (0.48 J/), taken in a 200 c.c. round 
bottom flask fitted with a reflux condenser and a dropping funnel, was gradually added 
0.035 ilf of the appropriate ester. The temperature of the external bath was raised to 140"^ 
and the mixture heated at this temperature for 2 hours. On cooling and addition of ice and 
dilute hydrochloric acid to the puffy mass, an oil separated out. It was taken up in ether, 
washed successively with water, 1% sodium carbonate solution and finally with water. 
After dehydration, the ether was removed and the residual oil distilled in vacuum. The distil- 
late conformed to Py man’s test (J. Vhern. Soc.y 1930, 280) for o-hydroxy-ketones. 

These ketones thus obtained were all converted into the 2:4-dinitrophenylhydrazones 
which were recrystallij-ed from hot toluene. 


Table 1 

Products of the Fries rearrangement of the above esters. 


o-Hydroxy-ketonos. 

B.p. 

L)initrophen> Ihydra^one 

N 1 t r 

o e n 

M.p 

Mol. formulfi. 

Found. 

(^alr. 

(»A) 

140 /lOrnin 

169 


16.68% 

16.37% 

(b) 

166‘ 11 

174 

C’„H„0,N, 

16.66 

16.73 


16.r 10 

167 


16.89 

»• 

W 

166° 10 

178^ 


16 4.6 

.. 


(a) l'(2'-hydroxypheiiyl)*but-2-en-l-om» 

(Found: C.73. 62; H, 6.66. requires C, 74.07, H, 6.17%). 

(b) — 1 -(2'-hydroxy-3'-ini3thylphenyl)-but-2-en-l-one 

(Found: (\ 74.68; H. 7.08. requires C, 76.0; H, 6.81%). 

(e) 1 -(2'-hydr()xy-4'-inethylphenyl)-but-2-en-l-one 

(Found: T, 74 68: H, 6.98. CijHjjO, requires i\ 76.0; H, 6.81%). 

(d) - 1 -(i'-bydroxy 5'-iTiethylphenyl)-but-2-en-l-one 

(Found; (\ 74.86: H, 7.12. requires C, 75.0, H. 6.81%). 

Temperature Effect , — In all the following five experiments pam-presyl ester of crotonic 
acid (2g.) was added to finely powdered anhydrous aluminium chloride (2.4 g) and the reac- 
tions carried out at five different temperatures. Except in the case where the reaction tern- 
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perature was 10°, which was left for a week, the time employed was two hours. After the 
completion of the reaction the usual procedure, as described in the preceding page, w^as 
adopted, but the o-hydroxy-ketone instead of being distilled was isolated as a yellow crystalline 
sodium salt by the addition of dilute caustic soda to the ethereal solution. The crystalline 
derivative was filtered at the pump, washed with ether, and decomposed by dilute HCl when 
the o-hydroxy-ketone separated out as an oil. It was extracted with ether, the ethereal 
extract dehydrated over anhydrous sodium sulphate and the ether removed by evaporation. 
The residual oil was dried at 100' and subsecpient I y weighed. The residts are summarised 
in Table 11. 

Tahle II 


'romperature. 

I'nne. 

Yield of the o-hydroxy-ketone 

10 

7 days 

No elTect only in Irneex 

100" 

2 liourH 

0.3 g. 

120^^ 

,, 

1.0 g. 

140 


1.3 g. 

105* 

.. 

1 3 g. but accompmuoil 


with rhfirring 


Solvent Effect — In all four solvents, viz., nitrobenzene chlorobenzene, tetraehloroelhane 
and toluene were employed. The amount of ester taken was 2 g. in every ease and the time 
employed was two hours. Dry and freshly distilled solvent (7-8 e.c.) was added to finely 
powdered anhydrous aluminium chloride (2.4 g.) and the ester added to it While using 
nitrobenzene as the solvent, the temperature employed was 80"", but in other three eases it 
was 100". Lower temperatures were maintained because of the geru'ral observation that 
the use of solvents lowers the reaction temperature. After the eom])l(‘tion of the reaction 
the usual method was adopted and the ketone was taken up in ether. Tlie solvent used and 
the ether w ere removed by distillation at r(‘dueed pressure and to the residual oil dilute caus- 
tic soda was added. The yellow sodium derivative obtained was decomposed with dilute 
hydrochloric acid and the resulting oil taken up in ether, dried and the ether evaporated. 
The residual oil was dried at 100° and then weighed. 'Fhe results are tabulated below. 

Table ill 


Solvent. 

Toin|)prature. Time. 

Yield of tlio 0 . hydroxy -ketone. 

Nitrobenzono 

80" 2 houre 

<».43 g 

Chlorobenzene 

100' 

0.51 

Tetrach loroothane 

100" 

0.70 

'roluene 

100" 

0.61 

Chemistry Department, 
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lOSSKNTfAL OIL FROM THK LKAVKS OF FERONIA ELEPHANTUM, CORK. 

By Asha Bam Bhati anh S. S. Deshapande 

'riio fliiof coinponfiit of tlio essential «>il from the leaves of Kuvit {F. elephantum) is estragol which 
eonstitutos ahunt 9(>% of tlie oil. 

^riio tr(M* is i!Klim*noiis to iS. India and (V‘vIon. Its loaves contain an essential oil 
which is said to ho similar to that of tlu‘ loa\(‘s from ii('l (Aegh' niartmlos^ Corr) (^‘Nadkarni, 
“Indian Materia Medioa”, p. ItocS), anotluT momlMa* of I he Biitac(‘ae family. In cont in nation 
of our vstndies on the essential oil of Bel loa\os (this Jouniaf, lIKhl, 26, -.‘B ) th(‘ examination 
of the essential oil from \\ooduj»])le or Klephant apple (Kavitin Hindi) heaves was thought 
to he of intiMcst. 

'The l(‘avos yield oil, on st(‘am distillation, of the* following properties: boiling range, 

20!) to 211 (at atmosph(‘ri(‘ pr(‘ssnre) : . O.tMifiS ; , I ..'ll !).■>; [a],,, O'^ ; saponification 

value, 1 1 .0 It does not roduc<* Fehling’s ‘••olut ion nor does it gi\(‘ any ii^iction characteris- 
tic of a carhonvl com])ound. 'fhe boiling range*, optical inactiv ity and non-reducing propeT- 
ties indicate the ahsi‘nc(‘ of (ihellandrene (the chief com])on(‘nt of tin* essential oil from Bfl 
l(*aves) and the absence of aldehyd(*s like crital or citronellal. 

On refractionation, about 00% of the oil j)asses over between 210' and 21 2 . As r(‘peated 
distillations do not alter the* boiling range, this fra(‘tion has been taken to consist mostly of 
one indivielnal compound. It has the* moh*eular formula C|„H,>0 and contains a m(*thoxy 
group. It is unsaturated as is shown b\ tih* absorption of bromine in chloroform solution. 
On oxidation with hot neutral potassium permanganate, anisic acid (1) is formed indi- 


eating the e.\ist(*nce of a side chain 
bond in tlie sid(* chain. On milder 
phenylacetic acid (II) is produced, 
estragol (III) 

in pam position to tht* methoxy group and the double 
oxidation with ice-cold 1 % permanganate, p-niethoxy- 
These properti(*s indicate that the substance might bo 







(A\ 

1 

OOOH 

1 

(T)()K 

1 

1 

(ML 

1 

1 

(’H, 

1 

1 

j 

1 


1 

1 II 

1 II 

1 

V 




OCH, OCH, OCH 3 

(T) (111) (TI) 

The identity has been confirmed by preparing the nitrosite derivative by treatment 
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with amyl nitrite and hydrochloric acid and comparing with an autliontic sample. These and 
ether properties of oiir compoiind along with those of cstragol are recored below'. 



T\BLE I 

'The compound. 

^.*41 ragnl. 

li. p. 

210" to 212 

214° (Klage.M, Bcr., ISOO. 32, 

Deiisit \ 

O.lMiiM at 20 

1 i;io) 

212 (Dupont & (.luerlain. 

Com pi. /Ma/..1S97. 124, .’lOO) 
0.0040 at 21 


1 

1 .5200 

bH.* 

0‘ 

0 

M.p. <)t nitrositt* 

140" 

147 (Kiinini. (lo-.^dto, 1004,34 

( )xiilati<)n with <*<>1(1 

p Molho\> pheuN 1 

/<-iVIetho\> phen.v lacetic acid 

1% KMnO^ 

iicctu* acid 

,'Ki|kMian. Her., ISSO, 22. 2744) 


K X r E K l M E N 

T \ L 


The lea\(‘s (4 kilos) wt're distilU'fl in steam in a copper still pro\ ided with a ‘•pnal eopjier 
coiideiiser. Tin* oil (14(‘.(*.) floating omm* the a(pu‘ons distillate* was enlhate'd and from 
the af|ut‘ous layer It) e.e moie wen* ohtaineel b} (‘xtraetion with earlion t(‘t rae hloi idi*. 'Phe 
total yi(dd of tin* oil (14 | 10 JIO e.e., iMl g.) was thus of tin* wi*igl)t <*f tin* lea\es. 

On n‘peated fractionation of the oil under atmos})herie prt'ssiire* the boiling range remain(‘d 
steady between 210 and 212 . The compound w'ithout fn)tln*r purification was anal\sed. 

I Found : (\ 7H.8 ; H,8.1'!(, ; Me, 17.4: M.VV., 142 (fre(*'/ing jioinf def>n‘ssion methrd in 
benzene solution), f r(*(|uir(‘s O, 81.0 . H, 8.0 ; Mi*, 2(htM0^;, , M.W' , I4S|. 

Oxidatiini tnt/i 4% P('rm(nf(j(iuul( . -1'o the conijiouiid (.’5 g )4“„ neutral KMnO^ solution 
was added, first at room t(*mperatnre and then at water-bath ti'inperat nre until pmk colour 
})(*rsisted. About log. of ))(*rmanganate wen* UM*d ii)). On tillering, conc(*ntrat ing the fil- 
trate and acidifying, a crystalline acid se])arat(*d which crystallised from hot water in needles, 
m.p.l8lf\ Th(* eipiivalent weight was determined by titration with 0.(t2r>J/ alkali. 
[Found : Equiv., lo2.8. ( ’H.,0, ('«H 4 . (X)OH (m.p I84 ) reipnres eipiix., lo2| 

Oxidation with irr-co/d l% f^erntanyanafe . — The compoimd was treated as described 
exce])t that the tem])erature was kept throughout at 0 . An acid was obtained which crys- 
tallised from hot water in shining plates melting at 8o-S7' . [Found: Equiv., ItUi.O. 
CH 30 .reH 4 . OHa- (T)01l (m.p. 85-87'') requires equiv., Hib|. 

The Nitrosite. — The usual method of pre])aring a nitrosite by the action of .sodium ni- 
trite, acetic acid and hydrochloric acid on an uiusaturated eonqxmnd gavi* a poor yield in the 
present case. After a number of trials the following method was found to give a satisfactory 
yield. 

The liquid compound (2 c.c.) was dissolved in petroleum ether (4 e.e.) and the solution 
was cooled to ice temperature. Amyl nitrite (rjc.c.) and glacial acetic acid (6c. c.) were then 
added and finally 10 drops of strong hydrochloric acid were added, the whole being maintained 
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at 0°. The mixture was then allowed to remain at room temperature for two days. The 
nitrosite, which separated as almost a colorless crystalline mass, was filtered at the pump and 
weighed (0.85 g.). The crude nitrosite melted at 134® but on repeated washing with dry 
ether the melting point rose to 140® and could not rise further. It was then analysed. 
(Found : C, 53.2 , H, 5.4 ; N, 13.3. rj,H,jNjj 04 reouires C, 53.5 ; N, 5.35 ; N, 12.5 per cent). 


(’ 0 N 0 L r s I o N 

Although Bel and Kavit both belong to Rutacese family the essential oils from their 
leaves differ completely from one another regarding their chemical composition. 'Phe chief 
component of the latter oil is estragol (methyl ehavieol) w'hieh constitutes about 90% of 
the oil. Flstragol occurs in small proportion in Russian aniseed oil and its best source so 
far has been estragoii oil in which it occurs to the extent of 60% to 75%, the yield of 
the oil itself being 0.3% on the weight of the entire branches (Orimaux, Bull. soe. 
ehim., 1894, iu, 11 , 34). The leaves of Kavit is now the richest source for the eonipoiiiid. 

'I’he authors expre.ss their thanks to the I'.P. Government for a grant from which the 
cost of the w'ork was met. 


t'lIKMKAL LaBOKATORIKS, 

Aura roi.i.KOK, A<.ra. 


Rfcftvfd April 20 , 1040 . 
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LSOSTERIC HEATS OF ADSORPTION. PART I. ALCOHOLS 
ON SILICA GEL 

By B. P. Gyant 

The heats of adsorption of methyl, ethyl, w propyl, -propyl, and n-butyl aleohols on silica gel* have 
been measured at different fixed concentrations. Thm has been done by observing the \ ariation in equi- 
librium presHiires of the s\ stems with temperatiiiv*. 

It is well known that substances of the same chemical group usually show similarity 
in the process of adsorption in the sense that the adsorption isotherms have the same general 
shape and can be brought together by adopting a suitable mode of plotting the data. It 
is therefore^ expected that such compounds should also show a comparable temperature de- 
pendence, and hence possess heats of adsoiption of the same order. The heats of adsorption 
of methyl alcohol and its nearest homologues on silica gel have been measured with an in- 
tention to see how far this expectation is fulfilled, and are described below . 

Two different experimental procedures an' open for investigating this matter. We may 
either measure the heat evolved when the adsorbent takes up successive small quantities of 
the vapour directly ui a caloriniet('r, or we may determine the equilibrium presssurcs for the 
same fixed (puintity of the adsorbate and adsorbent present, and obtain the heat by means of 
the thermodynamic relation for reaction at constant volume. On the experimental side, the 
first method presents difficulties due to slow attainment of equilibrium, bad conduetivity 
of the materials, and .so on During adsorption neither the volume nor the pressure is quite 
constant, and hence the heal measured is thermodynamically ill-defined (Kruyt and Modder- 
rnann, Chew. Rev , 1980, 7, 259). The choice of temperatures has often been limited and 
measurements have commonly been made by the iee-ealorimeter. These disadvantages 
are mostly overcome in the tensimetric method adopted here. By this method the mea.sure- 
ments may be carried out both at increasing and decreasing temperatures w ith equal 
ease and precision. 

R X P K R T M E N T A L 

A tensiineter of simple design was constructed for the.sc measiiremeiit.s The form ulti- 
mately adopted is shown in Fig. 1. The ad.sorption bulb B containing sonu' silica gel was 
scaled on to one limb of a U-tube manometer M. The gel was prevented from falling into 
the manometer, while handling the apparatus, by sealing in a small glass rod between the 
two constrictions at R. Another small bulb H was sealed on the other limb of M at about 
the same height as B. This side ended in a well ground glass tap T. Enough clean merdiry 
was introduced into the manometer to fill about half the height on either .side. I'he 
mercury was then collected in the bulb H by tilting the apparatus. The bulb was wrapped 
with a few folds of asbestos paper and heated with a small flame while the apparatus was 
being evacuated by means of a Cenco-Hyvac pump through T. When the evacuation was 
complete the tap T was closed and the bulb allowed to cool down. Some of the freshly dis- 
tilled liquid under investigation was then introduced into the apparatus. The vapour wae 
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rapidly taken up by tlie gol and the process was aided by cooling the bulb B, The excess 
liquid which condensed in B was heated to almost boiling and kept at that temperature for 
a few minutes to get rid of the adsorbed gases from the gel, not removed during evacuation. 
Tlie excess nas then pumped out, the tap T closed, and the mercury returned to the ma- 


I Fig. 2 



noineter. The a])paiatus was then clamped vertically in a huge air tliermostat. 'I'he tap was 
sealed with a few drops of nu'rcury and jiaiiited on the sides with molten Faraday cement. 
The thermostat was maintained at^temperatures constant to within on(‘-tenth of a degree. 
The temperatun' regulation was by means of a sinqde inercury-toliKua* thermoregulator 
working in conjunction with an cleetro-magnetie relay. 1'he heater was joined across the 
spark-gap in series with a variable resistamc* so that a residual curnml was always kept flow- 
ing through it. This current was adjusted in the usual way to balance the loss of heat to the 
surroundings as clos(»ly as possible. 

'J'he pressure was read directly on a meter scale attached rigidly to the manometer, to 
fractions of a mm. 'I’liis arrangement enabled readings to be taken up to a temperature of 
isy without any diirieulty. Above this temperature the cement sometimes gave way suddenly 
when the experimenl liad to be stopped. After reaching the highest temperatures, often 
above the temperature was gradually lowered and another set of observations was 
recorded. The two sets of data were always In good agreement with each other. 

After completing runs at an arbitrarily fixed constant composition, the tensimeter was 
taken out of the thermostat. The mercury was again collected in H in order to pump out 
an amount of vapour and tlie apparatus was res'ct for another run at a lower composition. 
The value of the composition i. e., the amount of liquid present in the gel, was computed by 
fiference to a previously determined isotherm at 35°. 
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The silica gel employed in these experiments was prepared by the author by mixing 
together under vigorous shaking equal volumes of dilute solutions of commercial hydrochlo- 
ric acid (d 1.06) and sodium silicate (sp. gr. 1.12). The resulting sol required 3 to 4 hours 
to set to a stiff gel at the room temperature (about 30®). The raw gel was cut into pieces, 
washed free of electrolytes, and desiccated in gradual stages, finally in a current of dry 
air at 350°. The gel was a little opalasccnt. It was about two years old at the time of these 
measurements. 

The measurements wc»re performed with different quantities of the gel and some of them 
were cheeked up with a duplicate apparatus. One can thercfoie be sure that the results 
were not vitiated due to the presence of a small dead space inside the tensimeter, or non- 
uniformity of the gel. 

The results of these observations are set down in the following tables. The first column 
gives the temperature T in degrees absolutc»the second gives the pressure in mm. of mercury. 
In the next two arc recorded the values of log iq p and l/T respectively. 1'he next column 
shows the values of Q, the isosteric heat of adsorption, calculated as explained below. The 
pair of observations from which Q has been calculated is indicated in the sixth column. L, 
the latent heat of condensation of the vapour, is given at different temperatures where the 
vapour pressure data in the neighbourliood of that temperature are available in the literature 

The van’t Hoff expression for the heat of reaction at constant volume may be written as 

V _ _ Q 

d (l/T) “ 2.303 Xii 

The value of the heat Q between any two lemporatures Ti and Tg may be secured by taking 
the positive difference of the logs of the corresponding pressures p^ and p 2 and dividing the 
result by the positive difference between l/T, and l/Tg, then multiplying the quotient by 
2.303 V ft. Alternatively, log p may be plotted against l/T. The slope of this curve is 
^/2.303xft from which Q may be calculated. The mean value of Q, obtained by either of 
these methods, may be cheeked up by the centre of gravity method or the more exact me- 
thod of least squares, since the relation between log p and l/T is linear when Q is constant. 


Tabi.e I 

Kth,vl alroliol S7.20X lU * g. mol. |)er g. gol. 


T. 

P- 

log />. 

i/rxio«. 

Q i nh‘. 
por inol. 

Q obtained 
from 

L oalc. 
per mol 

299.3 

43.0 mm. 

1.6330 

.3.347 

11680 

1.2 

10070 

307.7 

73.0 

1.8633 

32.50 

12110 

2.3 

10140 

312.6 

99.0 

1.9956 

3200 

11.530 

3.4 

10140 

314.0 

108 

2.0334 

.318.5 

11700 

4.6 

10140 

319.0 

145 

2.1614 

.3135 

11200 

5,6 

10020 

324.8 

200 

2.3010 

3078 

10650 

6.7 

9949 

328.5 

240 

2.3802 

3044 

11000 

0,7 

9949 
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Tablb I (contd.) 


Ktiiyl nlc-ohol = 83.28 X 10 * r. mol. por g. gel. 


T. 

P- 

loff y>. 

1/Tx 10«. 

Q calc, per 

Q obtained 

L calc. 





mol. 

from 

mol. 

304.5 

56.0 mm. 

1.7482 

3284 

117.50 

1.2 

10140 

313.8 

100 

2.0000 

3186 

11450 

2,3 

10020 

320.7 

148 

2.1703 

3118 

11630 

1.3 

10020 

312.0 

93 

1.968.> 

3200 

117.30 

4,5 

10140 

315.8 

113 

2.0531 

3167 

11960 

5,6 

10020 

318.(» 

120 

2.1 106 

3145 

10680 

6.7 

10020 

324.4 

181 

2.2577 

3082 

11690 

7,8 

9949 

326.7 

206 

2.31,39 

3060 

10930 

7.9 

9949 



Kth>l alcohol 

=- 72.13 X 10 * p:. mf>I. por g. pel. 


.307.4 

62.0 

1.7924 

3253 

I22.SO 

1,2 

10140 

310.0 

73.0 

1.8633 

3226 

11820 

2.3 

10020 

314.5 

96.0 

1.0823 

3180 

11050 

3,4 

9949 

324.0 

162 

2.209."> 

3086 

11840 

4,5 

9949 

326.6 

188 

2.2742 

3061 

12110 

5,6 

9919 

328.3 

206 

2.3139 

.3046 

119.30 

4,6 

9949 

306.0 

57.0 

1.7559 

3268 

11130 

1,7 

10140 



Ethyl alcohol 

= 59.4x10 ' 

‘ p. mol. por 

pel. 


304.3 

46.0 

1 .6628 

3286 

1.3470 

1,2 

10140 

300.7 

54.5 

1.7364 

3261 

11830 

2,3 

10140 

308.8 

62.5 

1.79,59 

3238 

11730 

3,4 

10140 

317.4 

104.5 

1.0191 

3151 

10810 

4,5 

10020 

323.5 

145 

1.1614 

3091 

10960 

5,6 

9949 

327.0 

174 

1 .2405 

.3058 

10740 

6,7 

9940 

329.5 

197 

1.2945 

.3035 

10820 

6,7 

9949 



Mothyl al(‘ohol - 

51.44 XIO-* 

g. mol. per 

P- pel. 


316.0 

13.0 

2 1139 

3165 

9557 

1,2 

9200 

323.1 

18.2 

2.2601 

3095 

9473 

2,3 

9200 

326.3 

211 

2.3243 

3064 

11210 

.3.4 

9200 

329.1 

243 

2.3856 

3039, 

10240 

3,5 

9200 




Methyl alcohol =41 

. 83x10-^ g. 

mol. per g. 

gel. 


S03.0 

42.0 

1.6322 

3.300 

9860 

1,2 

8976 

312.5 

69.9 

1.8,388 

3200 

10470 

2,3 

0221 

321.5 

108 

2.0334 

3115 

10980 

3,4 

8904 

325.5 

137 

2.1367 

3072 

10610 

4,5 

9215 

329.2 

164 

2.214S 

3038 

10130 

6,6 

9215 

3,30.7 

177 

2.2480 

3023 

10390 

4,6 

9215 



Methyl cvlcohol = 23.97 X 10-' g. 

mol. per g. 

gol. 


303.5 

,5.5 

0.7040 

3284 

12280 

1,2 

9221 

310.7 

8.8 

0.9445 

3219 

11410 

2,3 

9221 

316.7 

12.0 

1.0792 

3165 

12280 

3,4 

8904 

322.2 

17.5 

1.24.30 

3104 

11090 

4,6 

8904 

326.4 

22.0 

1..3424 

3060 

13.570 

6.6 

9215 

329.7 

27.0 

1.4314 

30,33 

11870 

6,7 

9215 

3.34.2 

34.5 

1.5378 

2992 

12620 

5,7 




w- Propyl alcohol = 

= 59.55.v 10- 

g. mol. per 

g- gel- 


304.5 

20.0 

1.3010 

3284 

12630 

1,2 

11440 

311.0 

31.0 

1.4814 

,3215 

12620 

2,3 

11440 

315.3 

41.0 

1.6128 

3171 

12840 

3.4 

11170 

320.5 

57.0 

1.7,5,59 

3120 

11710 

4,5 

11170 

.325.8 

77.0 

1.8865 

3069 

11850 

5,6 - 

10960 

328.8 

91.0 

1.9591 

3041 

V0720 

6,7 

10960 

332.5 

108.5 

2.0364 

3008 

Ii7l0 

7.8 

10060 

330.1 

132.1 

2.1209 

2975 

11670 

6,8 

10960 
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Table 1 (contd.) 




w -Propyl alcohol - 

-5.5.0x10-' 

g. mol. per g. 

• gel- 


T. 


loK p. 

1/Txl0« 

Q calc. Q obtained 

L calc, per 





per mol. 

from 

mol. 

305.1 

15.0 

mm. 1.1701 

3278 

12280 

1.2 

11440 

3 4.2 

27.0 

1.1)14 

3183 

12780 

2,4 

11170 

314.7 

28.2 

1.4502 

3178 

13300 

3.5 

11170 

310.3 

37.5 

1.5740 

3132 

12840 

4,5 

11170 

320.4 

58.5 

1.7072 

3003 

12700 

5,0 

lOOOO 

.331.0 

70.5 

1.8837 

3021 

12770 

1.0 

10000 



.spr-!*rf>p\ 1 jil ‘ 

27.21 < 10 

■' g. Ill >1. pur 

g- gel- 


307.5 

1 1 .5 

1.0007 

3252 

13020 

1.2 


313.0 

17.0 

1.2304 

3105 

13210 

2,3 


318.8 

25.0 

1.3070 

3137 

12580 

3,4 


322.8 

32.0 

1..5051 

3098 

13700 

4,5 


32S.5 

40.5 

1.0075 

3044 

135.50 

5,0 


333.0 

01.5 

1.7880 

3003 

13070 

4.0 




/j-llutyl al< (I'lol 

n.4Sx 10- 

‘ g. 111)1. p'l* 

g gel- 


310.5 

0.5 

O.0S23 

.3138 

13710 

1,2 


317.4 

11.0 

1.041 4 

3151 

1 1040 

2,3 


324.2 

18.2 

1.2001 

3081 

13300 

3,4 


,332.5 

31.0 

1.4014 

.3008 

1 4230 

2,4 



I) I s (' r h s I () N 

The values of log p have beeu plotted against ijT in Figs. 2 and 3. It will be seen that 

Fin. 3 



the graphs are all rectilinear and the individual points rarely show any notable deviations. 
This means that there is no temperature variation of Q. This point is further discussed below. 
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Variation of Q with increasing Molecular Weight 
The average values of Q for the various compounds at different concentrations are sum- 
marised in the following table. The figure under every compound gives its dipole moment 
in the usual units. 

Table 11 


Substance. 

xjut 

Average Q, 
(calc./inol.). 

Substance. 

jrini 

Average Q 


mol X 10 *) 


(g. mol. X 10-q 

(oalc./mol.). 

Methyl alcohol 

51.14 

9223 

n- Propyl alcohol 

59..55 

12620 

1.73 

41.83 

9820 

1*0.5 

55.00 

12778 


23.97 

11470 

^-ec-Propyl alcohol 

27.24 

13230 

Kthyl alcohol 

87.00 

11.520 

n-Hutyl ah ohol 

41.48 

13970 

‘ 1.72 

83.28 

11570 

1.05 




72.13 

11450 





59.74 

11530 





40.80 

11920 





Some general conclusions may be drawn from a study of this tabic In the series of 
alcohols the heat of adsorption at comparable conccMitrations increases as the molecular 
weight is increased. The heat does not change niucli \\ ith increasing amount of adsorption 
but there is a general tendency for it to decrease as the concentration increases. In the 
case of ethyl alcohol, for example, Q is practically constant over a range of concentrations 
of about 60 to 87 g. mol. 10"^ per g. of the gel. Data for tlie w- and .<fcc-propyl alcohols 
were unfortunately not obtained at comparable concentrations, but it seems safe to conclude 
that the branching chain has no effect on Q when we take into account the increase in its 
value due to falling concentration. 

Variation with Dipole Moment and Temperature 


As far as these alcohols are concerned we not(‘ that the dipole moment dc'creases as tho 
molecular weight is increased, but at the same time Q has a tendency to increase. The per- 
manent dipole moment of the adsorbed molecxiles should tluTcfore be considered as relatively 
unimportant in bringing about the attachment resulting in adsorption as far as the present 
systems are concerned. However, the permanent dipole moment is not tho only important 
factor in physical attachment. Tho group of forces known as van der Waals forces collec- 
tively is made up of other forces also which may be equally or more important. Thus, in 
the case of two non-polar molecules, the total van der Waals interaction energy is given by 


U = Ur.. 


+ U .1( 


If the molecules in addition possess permanent dipoles, two new terms corresponding to their 
orientation and the induction produced by them would appear. None of these energy terms 
is directly dependent on temperature. It is therefore understandable that tho measured 
values of Q show little variation with temperature. 


The equation of Magnus (Z, physikal. Chem., 1929, 141A, 270) for the heat of 
adsorption of a dipole or a quadrupole on a conducting surface is 


%= c,- (2/3) mT 
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where qo is the constant heat of adsorption in the beginning portion of the isotherm, JK, the 
gas constant, and Ck and m are constants typical of the adsorbed molecule. Though silica gel 
is not a conductor, Kalbere and Schuster’s measurements (Z. physikal. 1929, I 42 A 9 

270) of the heat of adsorption of CO 2 on it are found to be in agreement with this equation. 
The present measurements often extend to a temperature range of 40° but the decrease in the 
value of Q, demanded by this equation, has not been noted in a single case. The decrease in 
the above cited case was about 25% of the total heat of adsorption and about 10% for the 
adsorption of water by charcoal, the increase in temperature being 40°. 'I’ho present results 
are in agreement with most of the previous ones obtained by others with organic vapours 
on charcoal in this respect (Lamb and Ooolidge and Pearce et al., ride infra). 'Jlie constancy 
of Q is remarkable in view of the fact that the latent heat of vaporisation decreas(‘s appre- 
ciably as the temperature is increased (see tables above). 

(Comparison with the (charcoal Data 

The values of the lieats of adsorption of organic vapours on cliaicoal, as obtained by 
Lamb and Ooolidge (J. Arner. (Jhem. Soc.^ 1920, 42, 114()) in an ice calorimeter are higher 
than those obtained in the present experiments in whicli the adsorbent is silica gel. The 
calorimetric and tensimetric measurements in general do not give identical results and the 
calorimetric values are as a rule higher, as .show^n by Pearce and his collaborators (J. Phys. 
CAew., 1930, 34, 1260 ; 1931, 35 1091; 19 : 15 , 39, 293). The values of Lamb and (\)olidge 
correspond to a concentration of about 20 a 10 ^ g. mol per g. of the charcoal and are con- 
tained in the following table. 

Tahle 111 




work. 

Lamb 

& Cooinlm*. 

SubstiUM 

('one. 

Q 

I'oiie. 

Q 



(Icnsiinetric ) 


((’aloi iini't 1 II ) 

Methyl aleoliol 


11470 

20.0 

I.'IIOO 

Kth>l alc ohol 

mi.su 

1 1020 

20.0 

l.VlOO 


The present values of Q are clearly smaller than those of Lamb and Loolidge, but in view' of 
the fact that the tensimetric method gives smaller values, one may conclude that each of the 
two alcohols on the two adsorbents has more or less equal values of Q. Kvidently the equality 
will improve if the concentrations for the present values are reduced to be comparable with 
those of Lamb and Coolidge. One should also note that the measurements of these workers 
refer to a temperature of 0°, at which the vapours have a larger tendency to condense to a 
liquid. The whole matter merits further investigation. 

Comjmrison with the Latent Heat of Condensation 

One can see from Table I that the total heat of adsorption Q is always larger than 
L, the heat of condensation of the vapour to a liquid in bulk. Thus, the quntity Q-L w hich 
has been called the net heat of adsorption (J. Amer. Chem, Soc., 1920, 42, 1146) is always 
positive. The excess of Q over L can be explained if one assumes that the liquid in the adsor- 
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bed state is under comprension. This postulate militates directly against the Kelvin equation 
or more directly the fundamental equation of capillarity 

P^(r(l/i?i+l//?,) 

which ret|iiircs tlial the liquid should exist under tension. 

1'he net heat of adsorption is not always constant for different concentrations of the 
adsorbate except when the gel is fairly saturated. Even then the net heat is appreciable. 
Thus, it amounts to about 15% of the total Q for ethyl alcohol when x/m is in the range of 72 
to 87 g. mol. > 10"^ per g. of the gel. For other alcohols it amounts to less than 10% at 
higher concentrations. At hjwer concentrations, the value shows a definite increase. It is 
25% of the total Q when the gel has 60 and 24 units of r/m for ethyl and methyl alcohols 
respectively. U'he net heats of adsorption for carbon tetrachloride and chloroform are low, 
about lO^o the total Q, and almost constant as will be shown in a subsequent communi- 
cation. 

Although Q is always larger than L, one has to note that the two (quantities are always 
of the same order of magnitude. The heat of reaction of some processes such as hydration 
of inorgatiic and organic materials, which is definitely chemical in nature, is also of the same 
order as has been pointed out by McBain (“Sorption of Gases and Vapours”, p. 410, (»('orge 
Routledge and Sons, London, 1032). Condemsation and hydration may be regarded as 
examples of purely physical and chemical processes respectively. The heat change's accom- 
panying them “resemble corresponding values for sorption so strikingly that it is evident 
that all the reactions involved refer to generalisations which are wider than the scope of 
any purely jihysical or chemical conceptions. Stress cannot be laid upon a particular 
success in explaining data according to one special hypothesis without consideration of the 
whole gcmcral subject of chemical and physical inetraction.” 

The author is grateful to Lt. Col. Sir C. P. N. Singh for his kind interest in this work. 
The author also thanks IVofessors S. Sugden and P. B. Ganguly for their many valuable 
criticisms. 


S( IKNCK CoLTiKf.E, 
Patna 5. 


liccetv(fi April 23, 1^)10. 



[Jour. Indian Chem. Soc., Vol. 26, No. 7, 1949] 


DURABILITY OF SODA— L IMF— SILICATE GLASSES. PART II 

By Aritp Kumar Bose, Amalendra Chowl-hury and H. N. Das-Gupta 

The effect of composition on the durability of glass has been studied . It has been shown that two 
or more glasses of different compositions can possess identical durability. The possibility of theoretically 
calculating the durability of a glass (in terms of H^SO^ value) from a knowledge of its composition has 
been attempted. 

In a previous comnumication (ChoMdhnry and Das-Gupla, ih\n Jour naly 1947 , 24 , 477), 
a study of the offeot of substitution of known amounts of a given constituent upon dnrabili- 
lities of a series of ‘like’ glasses was made. The relation between chemical durability and 
composition of different series of ‘like’ gla«5ses w as also representcHl graphically, and the method 
of representing such a relation was illustrated there. Those curves indicate the possibility 
of obtaining identical durability for a number of glass (‘ompositions. This aspect of the 
I)robl(un was partly verified experimentally. The present pa])er embraces the following : 

(1) Further study of the effect of composition on durability. 

(2) To establish finally our finding that two or more glasses of different (’omj)ositions 
can possess identical durability. 

(II) To explore the possibility of calculating, theoretically, the durability of a glass 
(expressed in terms of sulphuric acid value) from a knowledge of its composition. 

(kdstharp and Parkinson {Travs. Airier. Cer. AV>r., 1914, 16 , 109) had made a systematic 
study in respect of comj)ositions suitable for proper soda -lime-silicate glasses and they had 
represented their data by a tri-axial diagram. With a view’ to studying further the 
relation between composition and durability, the eomjiositions have been so selected 
that they an* well within the range specified for transparent glass proper, including 
technical glass. The durabilities of glasses produced were determined by ‘Powder test’ 
(Faraday, Phil. Tran,s.y ISIIO, p.49 ; Pelouze, rend., lsr>fi, 43 , 117 ; Mylius and Foerster, 

Ber.y iSS9, 22 , 1092 ; Z. InHtnnn. Kunde, 1889, 9 , 129 ; Hagmaier, Met. ('hem. Eruj., 1917, 
16 , 604 ; Nicolardot, Compt. rend., 1919, 169 , ‘1*15 ; Peddle, J . Soc. Ola.ss Tech., 1920, 4 , 
II, 299 ; 1921, 5, 72, 195). 

'JTie relation between composition and durability of different ‘like’ glasses (including 
those in Table III, part I) has been showui in Fig.l. In order to establish our second object, 
compositions, corresponding to different sulphuric acid values, have been computed from the 
curves of Fig.l. Table V shows such computed compositions and the sulphuric acid values 
actually found out. 

The curves of Fig.l may be utilised to draw' contour lines. Thus, if the set of composi- 
tions, corresponding to a particular acid value, be plotted in the phase equilibrium diagram 
of the ternary system NagO-CaO-SiOa after Morey and Bowen (J. Soc. Glass Tech., 1925, 
9 , 226), these will be represented by several points. A line joining these points would repre- 
sent compositions having the same sulphuric acid value. Similarly, for different sets corres- 
ponding lines may be drawn. From analogy with iso-property curves or ‘contour’ lines 
like isotherms (Morey and Bowen, he. cit.), and Isokoms (Washburn, Shelton and Libman, 
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Univ. 111. Eng. Expt. Station Bull., 1924, p.l40), these curves (Fig. 2 ) have been designated 
as iso-durability curves. 

It is well known that some of the physical properties of glass are additive in character. 
No serious attempt has been made with a view to correlating chemical durability of glass, in 
terms of sulphuric acid value, with its composition except, however, by empirical formulae. 
If appears that Lyle, Horak and Sharp (J. Amer, Cer. Soc., 1936, 19 , 142) made a study 
of the effect of alumina on chemical durability of glass. Tlie results obtained with glasses 
containing NagO, CaO, AI 2 O 3 and Si 02 were represented by the formula : 

log D= 0.427+5.89 log (N+A)— 0.054 (log A), in which D represents the durability 
in terms of the number of c.c. of 0 . 02 A^-H 2 S 04 required to neutralise the alkali extracted 
from lOg. of glass, and N and A represent the percentages of Na 20 and AI 2 O 3 respectively. 
This formula, however, gives the maximum effect in respect of durability. As stated earlier, 
the chemical durability of glass is a function of the percentages of the different constituent 
oxides, an<l as such, there can be no reason why these cannot be linked up theoretically. 
Thus, from analogy with other physical properties, this relation may be represented roughly 
by means of a formula of the type : 

D=rtX+ 6 Y+cZ, in which D represents durability in terms of sulphuric acid value 
and X, Y and Z represent the percentages of Si 02 , CaO and NagO respectively and 'a\ 'h* 
and ‘c’ represent the corresponding factors. The values for th(‘ factors 'a\ 'b* and ‘c’ have 
been worked out by solving different sets of three equations of each and taking the mean 
values. These equations are framed by substituting the actual values of T), X, Y and Z from 
Table IV. It vv ill be seen that the calculated values for ‘a’ and ‘ 6 ’ are negative. This supports 
the fact that silica and lime impart increased durability in glass. Also, the value for ‘ 6 * is 
more negative then that for ‘a’, and this is in agreement with the observation that subsiti- 
tution of silica by a diabasic oxide, the alkali remaining constant, improves durability (Enss, 
Glastech. Bfr., 1928, 5 , 1). The values for ‘c’ is highly positive and this should naturally be 
the case. 

Experimental 

The procedure adopted for melting, plaining, and annealing the glasses of different com- 
positions was the same as on the previous occasion (Part T, loc. cit.). Five series of glass 
batches were melted, and as usual, the percentage of silica in each series was kept constant, 
while succc'jsive amounts of NajO were replaced by lime. The sources of raw materials for 
glasses were different. Table 1 shows the purity of raw materials used and Table II gives the 
compositions of the glasses melted. 


1\ble I 


Material. Percentage of 



8iO.. 

F 6,0,. 

AI,0,. 

CaO. 

MgO. 

Na,(X),. 

Loss. 

Sand (Series D& E) 

97.96 

Trace 

1.59 

— 

— 



0.47 

„ (rest) 

97.44 

0.51 

1.24 

0,32 

— 



0.46 

Lime (Series D & E) 

1.39 

2.04 

0.30 

69.87 

Trace 

— 

26.30 

„ (rest) 

2.01 

0.41 

4.90 

71.51 

Traoe 

— ' 

20.98 

Heavy soda-ash (D & E) 





- 

S. trace 

S. trace 

90.87 

9.05 

„ (rest) 

0.35 

— 

— 

0.08 

S. trace 

90.85 

8.60 
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Table II 


Batch No. 

Batch mixture (in g.) 

Percentage 

composition 

Remarks. 


Sand. 

Soda. 

Lime. 

SiO,. 

Na,0. 

cao. 






Series B, 




22 

71.83 

22.58 

25.21 

70 

12 

18 

Clear, slight scum 

23 

71.83 

24.46 

23.80 

70 

13 

17 

Do 

24 

71.83 

26.34 

22.41 

70 

14 

16 

Very clear melt 

25 

71.83 

28.23 

20.98 

70 

15 

15 

Do 





Series D 




26 

76.66 

28.32 

14.31 

75 

15 

10 

Slight devitrification 

27 

76.66 

23.50 

17.89 

75 

12.5 

12.5 

Do 





Series E 




28 

69.41 

37.63 

17.17 

68 

20 

12 

Bright melt 

29 

69.41 

33.87 

20.03 

68 

18 

14 

Do 

30 

69.41 

31.79 

23.61 

68 

15.5 

16.5 

Clear molt 

31 

69.41 

29.73 

25.04 

68 

14.5 

17.5 

Do 

32 

69.41 

24.46 

27.19 

68 

13 

19 

Do 

33 

69.41 

22.60 

28.62 

68 

12 

20 

Scum formation 

34 

69.41 

18.81 

31.46 

68 

10 

22 

Thick scum with 








stone formation. 





Series E, 




35 

69.86 

26.34 

25.21 

68 

14 

18 

Clear melt 

36 

69.K6 

28.23 

23.80 

68 

15 

17 

Very clear melt 

37 

69.86 

30.10 

22.41 

68 

16 

16 

Do 

38 

69.86 

31.98 

20.98 

68 

17 

15 

Do 





Series F 




39 

67.81 

26.34 

27.98 

66 

14 

20 

Perfectly clear 

40 

67.81 

28.23 

26.56 

66 

15 

19 

Do 

41 

67.81 

30.1 

2,5.21 

66 

16 

18 

Do 

42 

67.81 

31.98 

23.80 

66 

17 

17 

Do 


It may be pointed out that in Table II minute traces of silica, lime, etc., derived from 
sources other than specified, have not been taken into account. 

Ordinarily, during founding of glass, the composition varies to some extent. The extent 
of such variation will be clear from Table III, showing complete analyses of the three 
different samples. 


Table III 


Sample. 

Percentage composition expected 

P e r c 

e n tage 

composition 

foundl 

SiOi. 

A1,0,. 

FeaO,. CaO. 

NaaO. 

SiO,. 

A1,0.. 

Fe,0,. 

CaO. 

NaaO. 

1. 

68.23 

2.06 

0.46 17.65 

11.61 

68.63 

2.2 

0.52 

17.41 

11.12 

2. 

66.43 

1.00 

0.43 15.71 

15.47 

66.87 

2.24 

0.46 

16.65 

14.7 

9 . 

04.49 

1.98 

0.42 16.69 

16.47 

06.00 

2.00 

0.60 

16.49 

16.9 


The results of powder test have been incorporated in Table IV and the graphic relation 
haa been shown in Fig. 1. As mentioned before, Fig. 2 shows similar relation for all glasses, 
inclusive of those included in Table tit. Part I (toe. cit.). 
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Table IV 


Batch No. 

H,SO* 

Batch No. 

HaSO, 

Batch No. 

HaSO* 


value. 


value. 


value. 


Senes H,. 


Series E. 


Series E 

22 

100 

28 

800 

35 

101.4 

23 

181.9 

29 

405 

36 

371.0 

24 

218.1 

30 

400 

37 

415.7 

25 

299.2 

32 

112 

38 

430.2 



33 

82 



Scries D 



Series F. 

2ri 

368 



39 

321.7 

27 

1.56 



40 

428.8 





41 

470.9 





42 

490.1 




Fif;l 





5 10 l2 K 16 15 20 22 

XNazO • 

From Fig. 1 several compositions corresponding to different sulphuric acid values have 
been computed. The results of powder test, made in respect of these glasses, have 
been incorporated in Table V. Jt will be seen that the experimental valiies are in close 
agreement with the expected values. This establishes our finding regarding the possibility 
of preparing iso-durable glasses. 
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Table V 


romputed (•ompositioii'4(%) Sulphuric acid value. 


SiOj. 

NajO. 

(^aO. 

Expected. 

Found. 

70 

13.5 

17.5 

200 

lOO.O 

73 

13.25 

13.75 

200 

108.2 

74 

14 

12 

200 

190.5 

70 ' 

15 

15 

300 

303 

73 

10.3 

10.7 

300 

308 

74 

15 

11 

300 

200 

75 

14.5 

10.5 

300 

310 

73 

. 17.2 

0.8 

500 

510 

74 

10 

10 

500 

500 

75 

15.0 

0.1 

500 

503 


As explained earlier, Fi^. I also furnishes the possil)ility of eompntin^ compositions 
for iso-durablc curves, 'fhese points have been plotted in the phase equilibrium diagram 
of the ternary system, Na./)— raO—SiO., after Morey and Bowen (hr. rit.) and Fi^. 2 
shows the actual dispositions of these curves., 


Fijr 2 



The question of linking up theoretically the durability of a glass with its composition 
has been but approximately solved. The calculated values agree with the expected values 
within certain range and up to a maximum of 15% Na20 in tJie glass. In the formula, 
D=aX+6Y+cZ,the influences of traces of MgO, Al^Oa and FcaOs, etc., have not been 
taken into account. This may be the reason why in alnu st every case the calculated 
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figure is higher than the actual values If, however, the alkali content exceeds 15%, therd 
is appreciable divergence between the calculated and the observed values. The worked out 
values for the factors ‘o’, ‘b’ and ‘c’, are respectively as — 0.8, — 9 and +30. Table VI 
embraces a few glass compositions, showing calculated and observed sulphuric acid values. 


Tabi.« VI 


% Composition Sulphuric acid value 


SiO,. 

CaO. 

Na,0 

Observed. 

Calculat 
(O:=-0.8,6 = 

73 

12 

15 

235 

283 

73 

13 

14 

225 

249 

73 

14 

13 

186 

205 

73 

14.5 

12.5 

154 

187.1 

73 

15.5 

11.5 

119 

147 

73 

17 

10 

93 

88 

73 

10.5 

16.5 

320 

357.6 

73 

9.5 

17.5 

578 

381 

73 

8.6 

18.6 

879 

320 

70 

12.5 

17.5 

479 

357 

70 

14 

16 

399 

298 

70 

15 

15 

303 

259 

70 

17.5 

12.6 

164 

162 

70 

16 

14 

218 

220 

74 

8.5 

17.5 

783 

389 

74 

10 

16 

506 

331 

74 

11 

15 

290 

292 

74 

13.5 

12.5 

156 

194.3 
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BROMINATON OF COUMARINS. PART T. BROMINATION OB* 
7.HYDROX Y-4-MB]TH Y L( WMARTN, MP/PH YL 7-HYI)ROX Y-4.MB:THYL- 
rOlJMARTN-d-CARBOXYLATK, 7-H Yr)ROXY-4-METHYLCOUMARlN- 
f)-OARR()XYLIO Aril) AND THEIR MB:THYL BOTHERS 

By V 1 .IAY Jaywant Dai.vi and Si'kksh Skthna 

7-Hy(lroxy-4-mothylcouinarin, 7-Ky(lroxy-4-rnotliylooumQrin-(l-carboxylio aoicl, methyl 7-hydroxy- 
4-methyl(*oiimnrin-6-carhoxylatt* iinil thoir methyl ethers have h(‘en hromiruited with one inolecMile, two 
iiioleculoa and nxcoss of bromine. Tt has been found that the fir.st bromine atom in all cases enters the 
3-position and the Hubseijnent bromine atoms enter tlio benzene ring. 

In the case of 7-li>droxy- t-methylcoiimarin both the 3:fi- and the 3:8-dibromocoiimarinH are obtain- 
ed, the former being in prepomU'rat ing \ leUl. In the bromination of the 7-mpthoxy-4-methylcouma- 
riri only the 3:<i-dibromo derivative is formed, thus indh'uting that the ti-position is more reactive than 
the H-position. Both the 3:ti- and the 3:K-dibromo ilerivatives give the same 3:():8-tribromo derivative 
on further bromination. 

In the bromination of tli<* hydroxy -ester, the hydrox> -acid and their methyl ethers, bromination with 
one molecule proceeds sinootlil\, the bromine atom entering the 3-position. The second bromine 
atom (Miters the 8-position but witli difliculty. No dibromo product has been obtained in the direct hro- 
mination of the inethoxy ester and tlie metho\\ -lUMd. 

In the l)roniination of coiiinarins it ha.s been found by variouH workers that generally 
the first broruino atom enters the 3-posit ion and the subsequent bromine atoms enter the ben- 
zene nueleus. It bus been found, liowever, by Doy and Kutti (Proc. Nat. Inst. Sci. India^ 
1940, 6, b4i) that in the bromination of 8-methoxycoumarin the first bromine atom enters 
the 5-position. Further, Fries and Lindomann (.4 1914, 404, 53) have assigned the 
struetuie of 7-hydroxy-8-bromo-4-met}iylcoumarin to the product obtained on bromi- 
nation of 7-}iydroxy-4-methylcoumarin, since it was found to be different from 7 -hydroxy 
-6-bromo-4-methylcoumaTin obtained by the Peehmann condensation of 4-bromoreaorcinoi 
with ethyl acetoaeetate. In view of these results it was thought of interest to study the 
bromination of various eoumarin deiivatives, (/) to ascertain the reactivity of the different 
positions and (ii) to stiuly the effect of substituents in the eoumarin ring system on the 


course of bromination. 




0 
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1 
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1 
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1 

Me 

1 

Me 

1 
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. 7-Hy(lroxy-4-methylcoumarin (I, R=R'=H) on bromination with one molecule of bro- 
mine gave the 3-broinocoumarin (II, R=R'=H), previously obtained by Fries and Nohren 
{Ber.y 1935, 58B) 1027) by bromination of the ethyl carbonate of 7 -hydroxy ‘4-methylcou- 
marin and subsequent hydrolysis of the bromo eoinpoimd with alcoholic ammonium hydro- 
xide to get the free hydroxy compound. Its methyl other was found to be identical, on 
direct comparison, with 7-meth()xy-3-l)romo-4-niethylcoumarin (IT, R— H, R'— Me) obtain- 
ed from tlie methyl ether of (I, R — R'=rH) by bromination. The bromo compound has 
been previously obtained similarly by Limaye an<l Bhide {Ramyanaw, 1938, 1, 136). Thus, 
the structure of 7-hy<lroxy-8-bromo-4-rncthylcou!narin assigned to the bromination pro- 
duct of 7-hydroxy-4-methylcoumarin by Fries and Lindcmann (loc. cit.) is found to 
be incorrect. 

On bromination with two molecules of bromine, I (R— R'— H) gave a mixture of the 
3.6-dibromo-(ri, K nRr, R'-- H) and the 3:8-dibromocoumarin (ill, R=:-R'=H). The me- 
thyl ethers were prepared and on hydrolysis they gave bromocoumarilie acid derivatives 
(IV, R — Br, R =Me, R =H and IV", R — H, R'--Me, R"~Br respectively), thus indica- 
ting that one bromine atom in both the compounds is in the 3-position. One of the methyl 
ethers was found to be identical with the only dibromo compound obtained in the bromina- 
tiori of 7-mcthoxy-4.methyIcoumarin with two molecules of bromine. The structure of 
7-methoxy-3:6-dibromo-4-niothylcoum€arin (11, R—Br, R'- Me) was assigned to this product 
because it was found to be identical with the dibromo (}omj)ound obtained on bromination 
of 7-raethoxy-6-bromo-4-mcthylcoumarin which was prepared according to Chakravarti and 
Mukerjee (./. Indian (^heni. Soc., 1937, 14, 725) from 4-bromoresorcin()l. The other com- 
pound was therefore 7-methoxy-3:8-dibromo-4-methylcoumarin (III, R-^H, R'--Me). 7-Me. 
thoxy-3:6-dibromo-4-niethylc()umarin has been previously obtained by Limaye and Bhide 
(he. cit.) but they did not assign a definite constitution to this product. 

The coumarin I (R =R'=H) with excess of liquid bromine gave the S.'fi.S-tribromo com- 
pound (111, R=Br, R'=H). The methyl ether of this was found to bo identical with the 
3:fi:8.tribromocoumarin (III, R =Br, R'- Me) obtained by the bromination of the methyl 
ether of [ (R^-AV -H). 

Methyl 7-hydroxy-4-mcthylcoumarin.fi.carboxylate (T, R-OO.Me, IV -- H), prepared 
according to Shah c/. rrZ (J . Indian Chem, tioc., 1937, 14, 717), on bromination with one 
molecule of bromine gave the 3-bromocoumarin (II, R-COgMe, R'._H). Its methyl ether 
was found to be identical with the bromocoumarin obtained by the bromination of the 
methyl other of I (R_ (^OgMe, R'- H) with one molecule of bromine. 

7-Hydroxy-4-methylcoumarin-6.carboxylic acid (I, Rr^^COgH, R'^^H) (Shah et al., 
loc. cit.) on bromination with one molecule of bromine gave the 3-bromo-acid, identical with 
the product obtained on hydrolysis of the monobromo ‘ester (II, R~CO.^Me, R'--H) with 
cold alkali. The bromo-acid could not be methylated. 

7-Methoxy-4.methylcoumarin-6.carboxylic acid (1, R=COOH, R'^Me) which could 
not be obtained by the methylation of the corresponding hydroxy-acid, was obtained 
by the hydrolysis of the methoxy ester I (R=CO,Me, R'=Me). This on bromination with 
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one molecule ofbromino gave the 3-bromo-aci(l, identical with the product obtained on hy- 
drolysis of the monobromo ester II (R=C02Me, R'— Me) with cold alkali. 

The ester (I, R~CO,Me, R' -H) on bromination with excess of liquid bromine gave the 
3:8-dibromo compound (III, R- -fJOg Mo, R'— H) which was methylated to III (R— CO^Me, 
R'=Me). This could not, however, be obtained by the direct bromination of the methoxy 
ester I (R-^COgMe, R'-«Me). The acid (I, R=(X)jH, R'— H) on bromination with excess 
of liquid bromine gave the 3:8-dibromo compound 111 (K— r().,K, R'— H) which was idfen- 
tical with the product obtained on hydrolysis of the dibromo ester III (R— COgMe, R'— H) 
with cold alkali. The methoxy-dibromo ester (111, K — COgMc, R'— Me ) on hydrolysis 
with cold alkali gave the methoxy-^libromo acid 111 (R -('OgH, R' Me). This could 
not, however, be obtained by the direct bromination of the acid (I, R- (X).gH, R'— Me). 

The presence of the bromine atom in the 3-])ositi«)n has bc'cn shown by hydrolysis of the 
bromo-estcrs to the (‘oumarilic acid derivatives. In the case of tin* dibromo compounds, 
the other bromine atom can only enter th(‘ 8-positioii which is orthn to the hydroxyl group 
and therefore the structure of 3:8-dibromocoumarin is assigned to the dibromo profhicts. 

No tribromo derivative could be obtained on bromination of th(‘ ester (1, R --r0.gMe, 
R' -H) and the acid (1, R (X).gH, R' H) with excess of luomine under different condi- 
tions e.g. in presence of sodiuiii a(‘(‘tate, in ])resence of iron \sirc, by n ‘fluxing ^^ith bromine 
in acetic acid, and so on. 

Attempts to decarboxylatc the monobromo acid (II, R COJf, R' _H) and the dibromo 
acid (III, R=COglI, R'- H) by heating in a sealed tube with water, with dilut(‘ hydrochloric 
acid and by heating with quinoline and cop])er ])o\v(ler did not succeed. 

Attempts to prepare methyl 7-methoxy-3:H-dibromo-4-metliylcoumarin-b-carboxylate 
(III, R r0.gMc, R'==Me) and 7-methoxy-3:S.dil)romo-4-methylcoumarin-H-carboxylic 
acid (111, R CO:>H, R' Me) by the bromination of methyl 7-mellioxy-4-methyleoumarin- 
b-carboxylate and the corresponding acid were made undia* dill’crcuit conditions but they 
did not succeed, either dcmcthylation or hydrolysis of the ester took ])lacc. 

It has been found that thc coumarilic acids are best obtained from the niethoxybromo- 
coumaiins. The corresponding hydroxy broinocoumarins generally give pasty products on 
hydrolysis. 


E X P E R 1 M E N T A 1. 

I'Hydroxif-'i-brtnnoA-mdhylc^^^ (II, R-^R'--H).— 7-Hydroxy-4-mcthylcouma- 

rin (1.76 g.), prepared according to Pechmann and Diiisbcrg (Ber., 1883, 16, -122), was 
dissolved in acetic acid (10 c.c.) by heating and bromine (1.6 g., 1 mol.) in acetic acid (16 c.c) 
added gradually with shaking to the hot solution. The reaction mixture w'as then allowed 
to cool, when needles of the bromo compound .separated out. It was crystallised from dilute 
alcohol in colorless needles, m.p. 213-15*^. (Found: Br, 31.3. CjoH^OgBr requires Br, 31.4 
percent). Fries and Nohren (ioc. cit.) give in.p. 213°. It gives a blue fluoro.scence with 
concentrated sulphuric acid and form.s yellow' alkali salts whose dilute solutions show a 
bluish green fluorescence. 
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The methyl ether, m.p. 147°, obtained by refluxing the compound with methyl iodide 
in acetone solution in presence of anhydrous potassium carbonate, was found to be identical, 
on direct comparison, with 7-methoxy-3-bromo-4-methylcoumarin prepared according to Li- 
maye and Bhide (loc. cit.), 

1 ^Hydroxy ~S\Q-dibromoA-mPthylcoumarin (II, R— Br, R'—W) a 7 idl -Hydroxy •^:S-dibrornO’ 
•4-methylcoumarin (III, R— R'=^H). — 7-Hydroxy-4-methylcoiimarin (1.76 g., 1 mol.) was 
dissolved in acetic acid (10c. c.) byheating and bromine (3.2 g., 2 mols.) in acetic acid (32 c.c.) 
added gradually with shaking to the hot solution. The reaction mixture was then heated 
on a boiling water-bath for two hours when a solid separated out ^vhich was filtered off on 
cooling, m.p. 240°-26()°. This was refluxed with acetic acid (50 c.c.) for 15 minutes when a 
part of it dissolved. The solution was filtered while hot and the filtrate allowed to cool. This 
was worked up as given below\ The residue was crystallised from acetic acid in colorless, 
shining, elongated plates, m.p. 274-76°, yield 0.5 g. I'liis is 7-hydroxy-3:8-dibromo-4-methyl- 
coumarin. (Found: Br, 47.7. Tj^TIgOaBra recpiires Br, 47.0 per cent). 

The crystals which separated out from the filtrate (from above) on cooling wcr(‘ recrys- 
tallised from acetic aci<l in small white needles, m.p. 246-4S\ yield 1 g. This is 7-hydr()xy- 
3:6-dibromo-4-methylcoumariii. (Found: Br, 47.5. (^llgOgBi-j reipiires Br, 47.0 per (cnt). 

Both the compounds form yellow' salts with alkalis, dilute solutions of whi(‘h show' a faint 
bluish green fluorescence. 

Both the above compounds were obtained on further hrornination of 7-hydroxy-3-l)romo- 
4-methylcoumarin. They also gave 7-hy<lroxy-3:6:8-tribromo-4-nicthylc()umarin on further 
bromination. 

l-Methoxy-\\:>i’(libn)rno-4-methylc()i(mari7i (Ml, K-H, W Me) was juepared by 
methylation of 7-hydroxy-3:8-dibroino-4-methylcounfarin with methyl iodide as usual. It 
was crystallised from acetic acid, m.p. 235°. (Fouml: Br, 45.7. f'liHjjO^Brj, requires Br, 
46.0 per cent). 

l-Methoxy-lh^-dibromoA’fnethylroiimarin (II, R — Br, H' Me), pre])ared by methyla- 
ting 7-hydroxy-3:6-dibromo-4-mothylcouinarin with methyl iodide as usual, gave m.p. 240°. 
Mixed melting point with the dibromo compound obtained from 7-mothoxy-4- methylcou- 
marin according to Limaye and Bhide (loc. cit.) was not lowered. The constitution of this 
compound was proved by synthesis from 4-bromoresorcinol as follows. 

4-Bromore.sorcinol was prepared according to the method of Sandin and McKee (“Orga- 
nic Syntheses”, 1037, Vol. XVll, pp. 23-24) and condensed with ethyl acetoacetato in pre- 
sence of sulphuric acid (Chakravarti and Mukerjee, loc, cit,) to get 7-hydroxy-6-bromo-4- 
methylcoumarin. This was methylated with dimethyl sulphate and alkali (Chakravarti 
and Mukerjee, loc. cit.) when 7-mcthoxy-6-bromo-4-niethylcoumarin resulted. This was 
brominated with one molecule of bromine in acetic acid to get 7-methoxy-3:6-dibromo-4- 
methylcoumarin. 

^-Methoxy^l-bromo-i-methylcAmmarilic Acid (IV, R — H, R' — Me, R"— Br). — 7-Methoxy- 
3:8-dibromo-4-methylcoumarin (1 g.) was refluxed with potassium hydroxide solution (IJV, 
20 c.c.) for 2 hours. It was then cooled and acidified with concentrated hydrochloric acid. 
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The procipitated solid was crystallised from acetic acid in small white prisms, m.p. 252^ (de- 
comp.), yield 0.4 (Found: Br, 28.3. ("jiH„ 04 Br requires Br, 28.1 per cent). It gives 
a blue coloration with conc(*ntrated sidphuric acid on warming. 

C}~Afpi}iojry-M)r()mc)-4-meth/flcoumari]ic acid (IV, H Br, R'=^Me, B" - H).— 7-methoxy- 
3:6-dibr()mo-4-methyle()uniarin (1 g.) was refluxed with sodium hydroxide solution (10%, 
20 c.c.) for two hours. The solution was then cooIcmI and acidified with concentrat(‘fl hydro- 
chloric acid. The solid obtainetl was crystallised from acetic acid in small white needles, 
m.p. 250° (decomp.), yield 0.5 g. J^imaye and Bhide (loc. cit.) gi\e the same melting "ijoint. 

l-Hydmxif-'^\iy.Mribr()W(i-A-iiicthiflcoiimarin (IIT, K Br, K' 11). — 7-Hydroxy-4-methyl- 
coumarin (2 g.) was placed in a ilask and li<pjid bromine (3 c.c., excess) added. There was 
a copious evolution of hy<lrogen bromide fumes. The mixture was then k(‘pt o\ernigiit. The 
residual solid was treated w ith a strong solution of sodium bisulphite to reinoxe the (*xcess 
of bromine. The product obtaiii(‘d was crystallis(‘d from acetic acid in small, colorless, s-hin- 
ing plates, m.]). 250-52, yield 2.5 g. (Found: Hr, 58.4. f\()H 5 ()jBr 3 recjuires Br, 58.1 per 

cent). It forms yellow alkali salts, dilute' solutions of wliich give a faint bluish green fluo- 
res(*eiic('. 

'rhis compound was also ohtaimsl wlu'ii 7-hydrox\^-4-mel hylco\nnarin was hrominattMl 
with one molecule of bromine in presence of sodiuiii acetate and bv further bromination of 
the 3*() and 3:8-dibromoc()umarins. 

(III, B H' Me). — 7-Methoxy-4-m(‘- 

thylcoumariii (2 g.) was gently leHuxed on a water-bath w ith liquid bromine (5 c.c., excess) 
for 4 hours. The bromine was then allowed to evaporate aiul the residual solid was treated 
with a 5% solution of sodium hvdroxid(‘ to remove tlie dcmetlry latcd product, 'flic insoluble 
product was then filtered and washed se\(‘ral limes with water to remove the adhering sodium 
salt of the d('methylated jiroduct and then crystallised from acetic acid in colorless, cubic 
])lates, m.p. lfH>-qs°, yield 0.8 g. (Found : Br, 50.5. f ’iiH^OjjBr, requires Br, 50.2 per cent). 
Mixed melting ])oint with 7-methoxy-3:0:8.tribromo-4-methylcoumarin, obf am(*<l by mefhy- 
lation of 7-hydroxy-3:f):8-tribromo-4-nu‘thyleoumarin, was not dejaessed. 

ethoxy -TKl-dibromo-'l-niethyicouwariUc Arid (1\", B B" Br, B' Ah'). — 7-Methoxy- 
3:0:8-tribromo-4-methylcoumarin (1 g.) was refluxed with ])otassium hydroxide solution (LV, 
20 e.c.) for two hours. The resulting solution was cooled and acidified with concentrated 
hydrochloric acid. The pi'ccipitated solid was crystallised from acetic acid in small, w’hite 
cubes, m.p. 208^ (decomp.), ydeld 0.5 g. (Found : Br, 43.7. 1 nHR 04 Br 3 requires Br, 44.0 

per cent). It gives a blue coloration on warming with sulphuric acid. 

l-MethoxyA-methylconmarin-^y-carhoxylic Acid (I, B— r02H, R' — Me). — Methyl 7-me- 
thoxy-4-mcthylcoumarin-O-carboxylate (10 g.), prepared according to Shah ct at. (loc. cit.), 
was heated on a boiling water-bath w ith sodium hydroxide solution (10%, JOO c.c.) for half 
an hour when the ester went into solution completely. The solution was cooled, filtered and 
acidified witK concentrated hydrochloric acid. The precipitated solid w as filtered and crys- 
tallised from acetic acid in small needles, m.p. 268-70° (decom}).), yield 6 g. (Found: (\ 
61.1; H, 4.3. OjaHjoOg requires C, 61.5 ; H, 4.3 per cent). 
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Methyl 1- Hydroxy -S-brotmA-rnethylcouniarin-^’Carboxylate (II, R — COoMe, R'— H). — 
Methyl 7-hydroxy-4-methylooumarin-6-rarboxy)ate (2.34 g.) was dissolved in acetic acid 
(10 c.c.) by heating and bromine (1.0 g., I mol.) dissolved in acetic acid (16 c.c.)addcd gradual- 
ly with shaking to the hot solution. The reaction mixture was kept overnight when crys- 
tals of the nionobromo compound separated out. Crystals from acetic acid, m.p. 106-98®, 
yield 2.0 g. (Found: Br, 25.3. Cj^^HyOgBr requires Br, 25.6 per cent). 

This compound was methylated with methyl iodide in the usual manner and the methyl 
ether found to be identical, on direct comparison, with methyl 7-meth')xy-3-bromo-4-methyl- 
coumarin-6-carl)oxylate (described below). 

Methyl l-Methoxy-^-browoA-ynethylcoHmarin-^-carhoxylate (II, R=C()M(', R =r]Vfc ). — 
Methyl 7-inethoxy-4-methylcoumarin-6-carboxylate (2.4H g.) was dissolved in acetic acid 
(20 c.c.) by heating and bromine (1.6 g., I mol.) in acetio acid (16 c.c.) add(‘d gradually with 
shaking to the hot solution, 'fhe crystals of the monobrorno compound obtained on keeping 
the reaction mixture ov'crnight were crystallised from acetic acid in silky, white needles, m.p. 
208-10'', yield 2,4 g. (Found : Br. 24.8. Cj^HnO^Br rcquir(‘s Br, 24.5 ])er cent). 

i\-Methoxy-*^-methyl-r}-carboxyln)uwar}lic Acid (IV, Pi CO.^H, R Me, R" H).-- 
Methyl 7-inethoxy-3-bromo-4-methylcounmrin-6-carbo\ylatc (Ig.) was reHnx(‘d with ])otas- 
siuni hydroxide solution (LV, 20 <*,c.) for two hours on a wire gauze*. Tin* solution was then 
cooled, filtered and acidified with eoncentiated hyd?‘o(‘hIoric acid. 'The j)i(‘ci{)itated solid was 
crystallised from acetic acid in small, white needles, m.p. 288 (decomp.), yield 0.5 g. 
(Found : (\ 57.4 ; H, 4.2. requires (\ 57,(); H, 4.0 per cent). It gives a \ iol(‘t colora- 

tion when wanned with concentrat(Ml sul[)huric acid. 

l-Hydroxy-ll-brofNoA-mcthylorou maririAS-cxirboxylic Acid (II, R CM ) , H , R ' H ) . — 
7-Hydroxy-4-inethylcoumarin-6-carboxylic acid (2.2 g.) was susj)cndcd in hot acetic aci<l 
(20c. c.) and bromine (1.6 g.,linol.) in acetic acid (16c.c.) added gradually with shaking to the 
hot sus])en.sion, when the acid gradually went into solution. Tin* reaction mixture Wcis k(*pt 
overnight and the solid which separated out was crystallised from dilute alcohol in small, 
colorless ncedl(‘s, ni.p. 260'^ (dccoinp.), yield l.7g. (Found : Br, 26.0. FhIItO^Bi* re(|uir(‘s 
Br, 26.8 per cent). 

I'his acid was also obtained when methyl 7-hydroxy-3-bronio-4-mcthylcoumaiin-6-car- 
boxylatc was hydrolysed by k(*cping with 5% alkali for 40 hours at room temperature. 

l-MethoxyA-bromoA-meyhylcournarin-^’Carboxylic Acid (II, R— (X) 2 H, R' Me). — 
7-Methoxy-4-mcthylcoumarin-6-carboxylic acid (2.34 g.) was dissolved in acetic acid (50c. c.) 
and bromine (1.6 g., linol.) in acetic acid (IGc.c.) added gradually with shaking to the hot 
solution. The reaction mixture was then heated on a })oifling water-bath for an hour and 
then allowed to stand overnight. The solid which separated out was crystallised from acetic* 
acid in white ncedlo.s, m.p. 263-65® (decoinp.), yield 2.4 g. (Found: Br, 25.4. CV^H^OsBr 
requires Br, 25.6 per cent). 

This acid was also obtained by hydrolysing methyl 7-mcthoxy-3-bromo-4-mcthylcou- 
inarin-6-carboxylate with dilute alkali at room temperature. 
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Methyl! -Hydroxy'^\MibromoA-methyl(^umarinS‘Carboxylaie (III, R- COgMe, R'=H).— 
Methyl 7-hydroxy-4-methylcoumarin-6-carboxylate (2 g.) waspltioed in a flask and liquid 
bromine (5c. c., excess) added gradually to it. The reaction mixture was kept overnight at 
room temperature. The resid\ial solid after treatment with soclium bisulphite solution was 
crystallised from acetic acid in tiny, white needles, m.p. 240-42'', yield 2.6 g. (Found: Hr, 
40.7. Br, 40.S ))er <‘ent). 

The methyl ether was prepared by refluxing it in acetone solution with methyl iodide in 
presence of anhydrous potassium carbonate for 20 hours. Jt was crystallised from acetic 
acid, in.j). 184 -86. (Found: Hr, .‘10.6. (\3H10O5Hr2 requires Hr, .‘10.4 ])er cent). 

i\•Me^h)xy-!-hrom(h\^-methy^-^^-Ci^rh()xykoumarUic Avid (TV, K- COoH, IV Me, ll'" 
-Hr). -Metliyl 7-metboxy-3:8-dibr()mo-4-rnetliyIcouniarin'6-caiboxylate (1 g. ) was re- 
lluxed with ])otassiuiii hydroxide sedution (L\\ 20 c.c.) for 2 hours. The solid obtained on 
acidification was crystallised fioin acetic acid in small, white* cubes, m.]).278 (decomp.). 
(Found : Hr, 24.6. (\.dfy(),jBr requires Hr, 24.11 per cent). It gives a violet coloration Avhen 
warmed with coiictaitrated sulphuric acid. 

l‘Hydroxy‘*i:H‘dibr()mo-4-mpfhylc(>uniarin-{Vc(nb(uy]ic Acid (111, R -f R' R)- — 
7-llydro.\y-4-methylc()umarin-6-carboxylic acid (2.2 g.) was sus])ended in acetic acid (20 c.c.) 
and bromine (11. 2g., 2mols.) in acetic acid (!12c.c.) added. Tlie reaction mixture was then 
gently refiuxed on a wire gauze for two hours. The solid wliich separated on cooling was 
crystallis(*d fnjin acetic acid in small, white ikhmHcs, m.p.28tr (decomp.), yi(‘ld 2.3 g. (Found: 
Hr, 42.7. CjiUpO^Hrorequircs Hr, 42.3 per cent). 

l-Meth()xy-'‘,\:H‘dil)rom(h4-wethylcoinmri}h^-carh()xylir Arid (111, H -f'OgH, IV- Me). — 
Metliyl 7'methoxy-3;8-dibromo-4-methylcoumarind)-carboxylate (0.5 g.) was kept with 
.sodium liydroxidc solution (5‘\„ 20c. c.) for 40 hours when the est(*r went into solution. The 
.solution was filtered and acidified with concentrated hydrochhaic acid. The ])rccipitatcd 
solid was crystallised from acetic acid in .shining, white ne(*dle.>, m.p. 248 -50 (decomp.). 
(Found : Hr, 40.5. Vp^Hj^O^Hr^ requires Hr, 40.8 per cent). 

Thanks of thc^ authors an* due to Dr. H. (\ Shah for his kind interest in the work. 
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SKARCH FOR NEW INSECmciDES. PART IV 
Rv' A. B. Sen and P. M. Bhak(javv 

.’)-('hloro-(I), .*l:5-(lichloro-(TT), ♦-mothyl-5-cliloro-(l 1 1) and .■)-www-tetrachloro-(IV) -2-}iy<iro\y- 
arotophenonos lin\e been prepared by Fries roaetion. 3-Fhlor()-2-]i> droxyaeetoplienoiio (V^) and (I) 
have* been obtained liy the Fnodel-fVafts reaction hc'tween acetsl I'ldoriile and o- and p-chloropbenols 
respectively . and hiibsoipient hydrolysis of the acetates formed. Melliyl, ctliyl and propyl etliers of 
(I), (II). (Ill) ami (V) ha\’e been prepared. 

In oxttmsion of our previous work on this subject (this JuornrtI, 11)48, 25 , *217 ; 11)49, 26 , 
243, 287) we have now synthesised a number of half)^^en-substituted hydroxyacetophenones 
and their alkyl others with a view to studying them for tlieir possible insecticidal action. Those 
compounds are expected to possess good insecticidal action as they contain in their molecule 
the residues of different inhalation narcotics (viz., (TIj, (X'lf.-i etc.) attached 

to the i)oisonoiis chlorobenzene ring ; that this type of combination is essential for a good 
contact ins(‘cticide is already known (Busvine, Nature, IDIlo, 156 , 199). Five bydroxyketones, 
viz., r)-chl()ro-(l), 3:o-dichloro- (11), 4-methyl-r)-chloro- (III), r).<iK 00 K 0 -t(*trachloro-(TV^) and 3- 
chloro- (V) 2-h\droxy-acetophenones have been prepared ; (I), (11), (111) and (V) have been 
.subsecjuently converted into their methyl, ethyl and propyl ethers. It may be mentionefl 
that a number of alkyl halogen phenols have already been shown to possess good bacteri- 
cidal properties (Klarmann, JShternov and dates, J. Amer. ('hern. Soc., 1933, 55 , 2379). 

(1), (11), (111) and (V) have been prepared by the Fries rearraiigement of the correspon- 
ding acetates. The first three of these compounds hav(‘ been pn^viously obtained by this 
method by .several authors (Wittig, Ber., 1924, 57 , 88, 1270 ; Armalen, 1929, 446 , 133; Karrer 
p( at., HpIv. Chin}. Ada, 1930, 13 , 1308 ; Klarmann et at., tor. cit. dhien and Yin, J . ('hiupsp 
Chew. Soc., 1939, 7 , 40 ; Rosenmund and Schnun% Annalen, 1928, 460 , 39). o-Chlorophenyl 
acetate could not be rearranged even on heating at 140^ for 8 hours v ith mole of anhydrous 
aluminium chloride. 

The Friedel- Crafts reaction between acetyl chloride and p- and o- chlorophenols in pre- 
sence of anhydrous aluminium chloride resulted in a formation of the acetates of 3-ehloro- 
and 3-chloro.2-hydroxy-acetophenones respectively in very good yields (ef. Nencki and 
Stoeber, 1897, 30 , 1771 ; Claus, 6’Aem. Zentrl. 1898,11, 138; these authors have carried 
out the above reaction in presence of anhydrous ferric chloride, and obtained r)-chloro-2- 
hydroxy- and 3-chloro-4-hydroxy- acetophenones in the case of p- and o- chlorophenols res- 
pectively). These acetates yielded the corresponding plieriols on hydrolysis with alkali. 

The methyl, ethyl and propyl ethers of (I), (II), (III) and(V) were obtained in good yields 
(60-90%) by using dimethyl sulphate, ethyl iodide and propyl bromide respectively. Methyl 
ethers of 2-hydroxy-5-chloro- and 2-hydroxy-4-methyl-5-chloro- acetophenones have been 
previously described, the former having been obtained by the action of acetyl chloride on 
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tnethyl ether of 2 ?-chlorophcnol in presence of anhydrous aluminium chloride (Wittig, 5cr., 
1924, 57 , 93) or by mothylation of the corresponding hydroxy compound with methyl iodide 
(Chakravarti and Dutta, J. Indian (Jhern. Soc., 1040, 17 , 66), and the latter by the methy- 
lation of 2-hydroxy-5-chloro-4-mothylacetophenone by dimethyl suphate (Wittig, AnnalfM, 
1026, 446 , 155). 

All the o-hydroxyaceto})henones prepared, gave the Pyman’s test (Gulthard, Marshall 
ane Pyman, J . Chem. Sor., 19110,280) for e-hydroxy- ketones and also gave intense violet colo- 
ration with 1% ferric chloride. The ethers obtained an* insoluble in water, dilute alkali 
or acids, hut dissolve in all coininon organic solvents. 


K X P E R T M B N T A L 

Acetate.^ of the Halogen-Substituted Phenols. — ^p-Chloroi)henyl acetate (b.p. 127^^/22111111.) 
was obtained from p-chlorophenol (32.1 g.), acetic anhydride (24 c.c.) and anhydrous sodium 
acetate (10 g.) by the method of Wohllcben (Bet., 1910, 43 , 4372 , b.p. 108 /12.5 mm.) in 
nearly theoretical yield. The acetate of 3-methyl-4-chlor(>phcnool (b.p. 143"'- 145'"/ 17-18 mm.) 
was similarly prepared from the phenol (20g.), aeetic anhydride (22 c.c.) and sodium aeetate 
(8 g.) in approximately theoretical yield (Nathan Sulzberger, A.P. 149860 ; Vhem. ZentrL, 1927, 
II, 1893, who used concentrated sulphuric acid as the dehydrating agent, reports b.p. 241®- 
243°). 2:4-T)ichloropheiiyl acct«ite (b.p. I35°-137^/ 18-19 mrn.) was obtained by the metJiod 
of Fischer (Ann. Spl. 7, 184, b.]). 244°-245° ; Phien and Yin, loc. at., give b.p. 
167°-168°/80mm.) from 32.6 g. of the phenol and 30 g. of acetyl chloride by heating to 
50-60'^ for about 2 hours, tin* }^i(*ld being 78.3% of theory. In all the abo\o cases, the acetate 
W'as isolated by extraction witli ether and distillation in \acuuni, after remo\al of the ether 
from the dried ethereal (*xtract. 

The triehloroacetate of p-ehlorophenol (b.p, 115^ 20mm.) was prepared by the method 
described by us previously (this Journal, 1948, 25 , 280). 

Fries Rearrangement of the Acetates of the Halogen-substituted Phenols. — The acetate (13/) 
and anhydrous aluminium chloride (2 3/ approx.) were taken in a 500 c.c. pyrex Oask fitted 
with a reflux condenser, and the contents of the flask gradually heated, lirst over a water- 
bath and then in an oil-bath, the temperature being raised to 125^ during the course of an 
hour and maintained between 125"and 130' for about 3 hours (excepting in the case of 3-methyl- 
4-ehlorophenylaeetate, which required only 1 hour at this temperature to rearrange). The 
contents of the flask wore then cooled, treated with ice and hydrochloric acid and left over- 
night for the decomposition to be complete. The oil separating (a semi-solid mass in some 
cases) was extracted with ether and the ethereal extract washed, dried and filtered. On re- 
moval of the ether irom the filtrate and distillation of the residual liquid in vacuum, the 
orfAo-hydroxyacetophenone corresponding to the acetate used, was obtained. The ketones 
thus prepared are described in Table I. 

Acetates of 5-Chloro- and ^-Chloro-2-hyrdoxyacetophenones. — ^'fhese compounds were 
obtained by the action of acetyl chloride on p- and o-chlorophenols respectively, in presence 
of anhydrous aluminium chloride as described below. 

2 
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The p- or o-chlorophenol was covered with petrol-ether (50-75 c.c.) in a 250 c.c. flask, cooled 
in ice, and aluminium chloride (1 J-2 moles) added. The flask was then attached to a reflux 
condenser and acetyl chloride (1-2 moles) added drop wise from the top of the condenser. 
After the brisk reaction had subsided (which takes about one hour), the contents of the flask 
were refluxed over a water-bath for 2 hours and left overnight. On distilling off the petrol 
ether from the mixture and decomposing the residue with dilute liydroehloric acid as usual, 
a dark colourcMl oil was obtained, which was extracted with other. The ethereal extract was 
well washed with water, dried over calcium chloride, filtered and the ether removed, '.rhe 
acetate of the chloru-o-liydroxyacctoplicnoiu* corresponding to the chlorophcuol used, nas 
obtained on distilling the residual liquid in \acuum. 

I he acetate of ^^-chtom-'l-hydroj'ifaceiophenoae was thus obtained as a colorless liquid, 
b.p. I44''-14f>7B«^nM from 7)-chloro])hcnol (13 g.), acetyl chloride (14g.) and aluminium chlo- 
ride (23 g.) (Wittig, Annate n, 446 , 155, who obtained this compound from 2-acetyl-4- 

chlorophenol, acetyl chloride and calcium chloride, gave b.p. 156^157714mm.), yield 17g. 
(7t)% of theory). (Found : (\ oilVA ; li, 4.11; 01, lH.b7. (\ilc. for (^oHAOl: 55.57 ; H, 

4.23 ; (M, 15.75 ])cr cent). 


The acetate o/ 3- chloro^'l-hydwxyacetopheyione was similarly obtained from o-chlorophenol 
(25 g.), acetyl chloride (28 g.) and aluminium chloride (45 g.), as a colorless liqirid, b.p. 15J"- 
15471mm., yield 35.5 g. (82.8% of theory). (Found : 0, 55.14; H, 4.09; 01, 15.27. 
( 10^9-03(4 requires (\ 5ti.47 ; 13, 4.23 ; 01, 15.75 per cent). 

ry-Chloro- and A-('hl<n'o- 'lAiydroxyacetophenoncfi (by hydrolysis of the acetates). — ^I'he acetates, 
described abo\e, yielded the free* ])henols on hydrolysing with 20% caustic potash solution 
(4 c.c. for every g. of the acetate) for half an hour. The resulting solution was cooled and 
acidified with hydrochloiic acid, and the oil that separated out, was extracted with ether. 
I lie ethereal extract was washed, dried oxer calcium chloride, filtered and the other remo- 
ved from the filtrate. The chloiohydroxyacetophenone was obtained on distilling the 
residual liquid in vacuum. 

1'he acetate of 5-chlor()-2-hydroxyacetophenone, thus on hyrolysis, yielded 5-rWoro- 
Uiydrnxyacetophenom, h.j,. 1 25 -128 28mm. (dsscri bed else where also in this paper), yield 
9(h7% of theory. (Found : (\ 55.02 ; H, 3.87 ; Cl, 20.91. (^alc. for (^1,0X1 : C, 55.30 • H 
4.11 , Cl, 20.82 per cent). 


luj,ho3yaret,q>hn,mf> (b.p. 87-89^1 mm.) was similaiJy obtained from tl.e 
eorresiMiiKliiig (uetafo as a colorless liquid, yield fi3.r>% of theory. (Found: C, .56.17; 
If, 4.(»7 ; Cl, CsH,(),Cl lequircs C, 56.30 ; H, 4.11 ; Cl, 20.82 per cent). 


Alky} htluiK oj SlulNituUd Ilydiouyacetcphevovf -/^. — The methyl ethers were prepared 
from the hydroxy eompouu.l (4-5 ;r.), jo<% solution (containing approximately 

] J to 2 times the requisite amount of alkali) and dimethyl sulphate (I J to 2 times the requi.sito 
amount) by the usual metliod. 'Ihe reagents wore heated for .5 hours under continuous 
stirring and then left overnight. The oil .separating after dilution with water was ex- 
tracted v ith ether. The ethereal extract ^^as washed and dried and the ether removed as 
usual. The methyl ether was obtained on distilling tbe resid'ual liquid in vacuum. 
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The ethyl and propyl ethers were prepared from 5-4 g. of the phenol, sodium ethoxide and 
alkyl halide (1 J to 2 times the calculated amount of each of these) (ethyl iodide and propyl 
bromide were used for the ethyl and propyl ethers respectively) in the usual way. The reagents 
were refluxed for 3 hours. After removal of the excess of alcohol by distillation, the residue 
was cooled and extracted with ether. The ethereal extract was w’aslied, dried, ether removed 
and the residual liquid distilled in vacuum when the ether corresponding to the phenol and 
the alkyl halide used w^as obtained. 

The ethers that have thus been prepared are described in Table 11. 

The insecticidal action of the compounds, (h^scribed in this paper, is under investigation. 

One of the authors (P. M. B.) is indebted to the U.P. (Joveriiment for award of a research 
scholarship for carrying out this work. 


CiinviisTin J)r.PAiiTMKM I , Ruuvid Fihnianj \'l, lOia. 

LetkNOW rSIVERSlTY Lu(KNOV\. 
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SEARCH FOR NEW AN^riSPASMODICS. PART I 
By B. Pathak and T. N. Ghosh 


In search for now antispas?noJics, some pyrazolone <ltirivatives containing tertiary bases have l)ecn 
synthesised. 

During recent years a nunihcr of synthetic compounds liave been discovered, which 
exliibit autispasmodie activity. Many of these products are much simpler in structure than 
the naturally occurring antispasmodics, papaverine and atro])inc. Diethylaminoethyl 
esters of diphenylacetic acid and analogous (‘ompoiinds have been found to possess powerful 
autispasmodie activity (cf. Blicke, Ana. Ri^v. Biorhem.y 1044, 13 , 540). Belatively simple 
piperidine derivatives arc also known to hav(i autispasmodie activity ((\Tkovnikov and Pro- 
log, Bcr.y M)4I, 74 Ib48; Fellows and Cunningham, Federation Proc.y 1042, 1 , 151; Lee and 
Freudenberg, J . Org. ('hem., 1044, 9 , olM; Fo.ster, Moench and (^lark, J . Pharm. Exp. The rap., 
1040, 87 , 711; Kwarticr and Lucas, J. Amer. ('hem. Soc., 1047, 69 , 2582). 4'lius, it app(‘ars 
that all the (^flicicMit antispasmodics, although differing widedy in molecular structure, are, 
ill general, salts of tertiary bases. In view of the inten^sting observation of Notkin and Webs- 
ter (Rev. Canadian Biol., 1042, 1 , tiOO) that amidopyrine, whicli is a pyrazolone derivative, 
possesses autispasmodie; activity, it has been considered desirable to introduce tertiary bases 
into a pyrazolone* molecule and to have the resulting products examined for any sjiasmolytic 
activity. 

Ketones containing an active methyl or methylene group have been shown by Mannich 
(Ber., 1020, 53 , i;i()8; 1022, 55 , :15(); Arch. Pharm., 1020, 264 , 741 ; 1027, 265 , 580) to con- 
dense with formaldehyde and secondary bases. l-Phenyl-3-methyl-4-acetylj)yrazolone (Stolz, 
J. prakt. Chem., 1807, //, 55 , 154) has now been condensed with formaldchydi* and secondary 
bases to yield compounds of tin* type (1). Compounds oth(*r than k(*t()nes, but containing an 
active methyl or methylene group, may sometimes be induced to respond to Mannich reaction 
(cf. Kermack and Muir, J. ('hem. Soc., 1031, 3080). As 1 -phenyl-3-methylpyrazolone 
contains a reactive methylene group (cf. Narang et al., J. Indian Chem. Soc.. 1034, 11, 427), 
this (;om})ound has been substituted for the ketone in the Mannich reaction to furnish, when 
allowed to react with formaldehyde and secondary bases, comjiouncls of tin* tyjie (11). 


CH3— C ( A ]—Ci )— ( Tf CHo— R 

11 1 

N CO 

NPh 

(I) 


CJHg— c ( 'H— CH,— H 


N CO 


\/ 

NPh 

( 11 ) 


[where R is piporidino, cliiiiethylainiiio i»r diethylaiuino grouj)]. 'I’lie inaxinuini jdelcls of 
the above types of compounds (I and Tl) attained were of the order of 53-(50%, rcmlerwi pos- 
sible by using 1 mol. of l-phenyl-3-methylpyrazolonc or of its 4-acetyl derivative, 1.5 mols. 
of formaldehyde and 1.6 mols. of the secondary base (cf. Kermack and Muir, loe. cit.), the 
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formaldeliyde l)c»iii^ in llio form of commercial 40% formalin. Those compounds (T and 11) 
are amphoteric, being readily soluble in cold dilute alkali (cf. Ghosh and Das Gupta, J . Indian 
Cheiu, Soc.y lOllO, 16 , 03) and yielding hydrochlorides (which are practically insoluble in 
water) and wethiodides. 'Flu* acidic property is evidently duo to th(‘ presence of the mobile 
hydrogen atom in the 4-position. 


1^ X V K R T M E N T A L 


The methods of preparation of the compounds (I and II) are essentially the same in all 
cases. The general method of procedure followed is therefore given below in case of one 
particular preparation. 

1 • Phenyh'^-w(dh pi pvrid inopropionyl)- pyrazolone (I, K — piperidino). — A mixture, 
of l-phenyl-3-mcthyl-4-acetylpyrazolonc (21. (i g.), formaldehyde (11.3 c.c., 40%), pi])cri- 
dine (12.8 g.) and hydrochloric acid (18 c.c., 20% w/v) in alcohol (120 c.c.) was heated on th(‘ 
water-bath for about 0 liours. Next day the solution Avas diluted with water, when a pasty 
solid was precipitated. It was divsoJ\(‘d in cold dilute alkali and extracted with benzene 
an<l then with ether to r(‘nio\e the pasty matter as far as })ossible. 'Fhe alkaline solution was 
stirred with charcoal for about I hour, liltered and just acidified with acetic aci<l, when a 
solid was precijiitated. It was crystallised from ethyl alcohol-ethyl acetate (1:1) in color- 
less, rectangular plates (yield r)8^Jo), melting at 220-21' to an orange-yellow' viscous licpiid. 
(Found: N, 13.27. f\Bll2,iD2Njj re(juir€\sN, 13.41 per cent). It is readily soluble in cold dilute* 
alkali and gi\es a r(*d coloration with alcoholic neutral ferric chloride. 

The hydrochloride, which was obtained by adding the reepiisite (pjantity of hydrochloric 
acid to an alcoholic solution of the base, was crystallised from dilute alcohol in colorless, r(‘c- 
t angular plates, m.]). 250-02 ’. (Found: C1, 9.o8. GisHgiOaNari reepiires Gl, 10.17 per cent). 
'Flic meihiodide, which was ])re])ared in nitrobenzene solution, was crystallised from absolute 
alcohol in colorless needles, melting at 200-07° to a dark red liquid. (Found: I, 27.18. 

rc(|uir(‘s I, 27.t)l per cent). The phen yl hydrnzone crystallised from alcohol 

(in which it is sjiaringly soluble) in colorless, rectangular plates, m.j). abo\c 3tHi . (Found: 
N, 10.98. r.j^H^gONg requires X, 17.37 per cent). It is readily soluble in cold dilute alkali 

\-Phenyl-\\-meihylA-(P'(li(dhylaminopropionyJ)-pyrazolonp (I , R diethylamino) was 
crystallised from ethyl alcohol-ethyl acetate in colorless, rectangualar plates, m.}). 212-13'', 
yield OO^J;,. (Found : N, 13.01. C 7 H 0302^^3 requires N, 13.95 per cent). 'Fhe hydrochloride 
melts at 254-55°. The /or/ ?V/c melts at 208-09”. (Found : ], 27.98. (^jgllogOaNjl r(*quir(‘s 

J, 28.00 per cent). 'Fhe phenylhydrazone does not melt even at 309”. (Found: N, 17.52. 
G23H.2g()N5 requires N, 17.90 per cent). 

1 ~Phe nylA-weihyl A-(ji-di methylavunopropionylypyrnzolone (I, 11 =:^dimethylamino) was 
crystallised from ethyl alcohol-ethyl acetate in colorless, rectangular plates, m.p. 220°, yield 
58%. (Found : N, 15.02. (\5U1gO2N3 requires N, 15.38 per cent). Hydrochloride, m.p. 252”. 
Meihiodide, m.p. 275-70' (Found : 1, 29.94. GigHjjaOgNgl requires J, 30.00 per cent). 

{•Phe nylA-methylA-pipefidinomeihyl-pyrazolone (II, K “ piperidino) was crystallised 
from alcohol in colorless, rectangular plates, m.p. 224-25°, yield 55%. (Found : N, 15.82. 
CjeH,jON3 requires N, 15.5 percent). Hydrochloridf.^ m.p, 25J-52” (Found : 01, 11.02, 
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C]jH 220N3(!1 requires (’ 1 , 11 . 5 <) per cent). JUetkiodide, m.p. 279 - 80 '’ (FuiiikI : 1. IIO.IKI. 
017112403^1 requires 1 , 30.75 per cent). 

l-PhenifU^-niellid-^-diethyJanmo'mHhjil-pyrazolone (11, R=(lictliylaniino) uas crjstal- 
lised from alcohol in colorless, rectangular plates m.p. 221-22°. (Found : N, J.').S7. 
O 15 H 21 ON 3 requires N, 10.21 per cent). Hydrochloride, m.]). 255-50". Meihiodide, ni.j). 
270-271" (Found : 1, 30.!)S. (’,«H 24 <^N 3 l requires I, 31.07 per cent). 

i-Phenyl-'^-niethylA-dmethyUiminoniethyl-pyrazolone (11, It- dimcthylamino) was crys- 
tallised frtun alcohol in colorless, rectangular plates, m.p. 221-22", yield 57”„. (Found : N 
18.34. Oi;)Hj 7 ()N 3 recjuires N, 18.18 per cent). JJydiochloride, m.)). 2.53-254 . 

Ui:\(.Ai Immi nity ii Jvs'irn 'il, Rfceiiud Ajnil J7, HM‘). 

Cakitta Hi. 
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SYNTHESIS OF CYANINE DYES BY THE CONDENSATION OF 
/>.l)rETHYLAMINOBENZALDEHYDE WITH APPKOPRIAI^E 
HETEROCYCLIC COMPOUNDS. PART III 

By M. Q. Doja and Jogesh Chandra Baner-tee 


Tho cflert on sensitination of Hubstitution and multipliontion of ^roiipa in the thiazole and benzo- 
tliiazolo nuclei of p-diethylaminostyrylthiazolo and p-diethylarninostyrylbonzothiazole inethiodides 
has boon studied. For this purpose four new dyes have been synttieaised by condensing the methiodi- 
dos of 2:5-dimethylthiazole, ‘J:4:5-trimethylthiazoIe. *2:t)-<liinethylb(‘nzothia/.olo and 2:4:()-trimotbylben- 
zothirtzole with /j-diethylaininohenzaldehytlo. The optical, rheinical, dyinp and photo|iraphic pro])pr- 
ties of those compounds have been studied. A few “intermediates" have been described. 

Jt has been observed that the extraseusitisation, conferred on jiielatino-silver bromide 
photographic plates by a cyanine dye, is considerably inHnence( I by the effect of different 
substituent groups in different positions of the dye molecule. Thus, Mills and Pope (Phof. J., 
J92ff, 44 , IH3) have observed that the introduction of a methyl group in 0-position in both 
1 : I '-dimethyl and 1 ir-diethylisocyanine iodides, broadens the extrasensitisation bands 
anfl heightens their intensity, while the introduction of the methyl group in the ^'-position 
has the opposite effect. 

The absorption is also profoundly affected by substituents in different ])ositi()ns of a 
dye molecule. Thus, groups in 6- and O'-positions of ethyl red are more potent in their effect 
than methyl and cause a greater shift, and the dimethylamino groups are the most 
powerful of all (cf. Mees, “The Theory of Photogiaphic Process”, MacMillan Company, New 
York, 1044, p. 1022). The amino group by itself markedly augments the sensitising power 
of the Ur-diinethylisocyanine, when introduced into the 5, 6 or H'-position though the spec- 
trographs indicate surprisingly little difference between the effects produced by the amino- 
substitution in the three alternate positions. The introduction of the acetamino group in the 
above dye, however, has a depressing effect on the sensitising power, an effect which is influen- 
ced by the position of the substituent (Mills and Pope, loc. cii.). 

So far no systematic investigation has been carried out on the effect of different substituent 
groups in the quaternised nuclei of p-dialkylaminostyryl type of cyanine dyes, though it 
is known that an increase in the molecular weight oPtfie dye has often led to enhanced 
sensitisation, instances of the opposite effect being not uncommon. It was thus of interest to 
study the effect of substitution of different groups on sensitisation, in the quaternised thia- 
zole and benzothiazole nuclei of 2-p-diethylaminostyrylthiazole methiodide (l)*and 2-p-die- 
thylaminostyryl-benzothiazole methiodide (II). 
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It will be soon that two positions, 4 and 5, are available for substitution in (I), while four 
)ositions, 4,5,6 and 7, are available in (11). Four dyes have been prepared by condensing 
.he methiodides of 2:5-dimethylthiazolo, 2:4:5-trimethylthiazole, 2:6-dinicthylbenzothiazole 
ind 2:4:6-trimethylbenzothiazolc with ^^-diethylaniinobenzaldehyde in absolute alcohol 
lolution using small quantities of piperidine as catalyst. The dye (T) with a 4-methyl subs- 
itution has been described in a previous eommunic-ation (Doja and Banerjee, this Journal^ 
L946, 23, 217). 

The first two methiodies containing simple thiazolo systems condense less readily than 
the methiodides containing condensed thiazolo systems (ef. Doja and Banerjee, he, cit.) as 
:ho dyes in the latter case crystallise out of the alcoholic solution quite easily and are obtained 
,n good yield after about only 6 hours of refluxing, while the dyes in the former case could 
aot be crystallised out of the alcoholic solution even after refluxing for 72 hours and had 
Lo be precipitated out of the alcoholic solution with ether. 

Some of the properties of these dyes are summarised in Table I. 

The dyes arc feebly soluble in cold, but more so in boiling water, and are freely soluble 
in alcohols and acetic acid but are insoluble in ether. 

Dilute alcoholic solutions of the substituted simple thiazole dyes (Q) and (R) are orange- 
y'cllow, while those of the substituted conden.sod thiazolos (S) and (T) are magenta coloured. 
The relative intensities of dilute solutions (1:10,000) in rectified spirit, as determined by 
Dubosq colorimeter, are given in Table 1. It will be noticed that the colour of (S) is more 
intense than that of (T), though the latter has an additional methyl group attached to the 
4-po8ition. 

The colour of the dye solutions is reversibly discharged by the addition of mineral acids, 
probably due to the destruction of the conjugated systems (cf. Brooker, Sprague, Smyth and 
Lewis, «/. Amer, Vhem. JSoc., 1040, 62 , 1116) as indicated in a previous communication (Doja 
and Banerjee, he, eit.). The relative resistances to decolorisation by NIIOO-UCI are given 
in Table I. The weaker resistance of (T) than that of (S) is perhaps due to the same effect 
as renders the colour of the former weaker than that of the latter. 

The colour produced on cotton, wool and silk by the dyes (Q) and (R) is orange-yellow, 
while the dyes (S) and (T) colour them mauve. The shades, however, are not fast to washing 
and are discharged slowly when exposed to sunlight. 

3 
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These dyes also show the peculiar pheiionieiion that their acetic acid solutions deepen 
in colour on warming and their original colours are regained on cooling, the effect being more 
pronounced in aqueous acetic acid solutions (cf. Doja and Banerjee, loc. cit.). 

Photographs of the absorption and sensitisation spectra of the dyes, as determined by 
a Wedge spectrograph, are shown in Fig.l. None of the dyes is a good sensitiscr. The intro- 
duction of a methyl group in the 5-position of 2-^-di(ithylaininostyrylthiazole methiodide 
depresses the sensitisation as compared to the 4-mothyl-substituted dye. (cf. Doja‘ and 
Banerjee, loc. cit.). The 4:5- dimethyl- substituted dye shows a still poorer sensitisation. 

The t)-methyl and 4:6-dirnethyl-sub:itituteJ 2-p-dietliylMtiiinostyrylbenzothiazole me- 
thiodides show a (complete depression in sensitisation as compared to the iinsubstituted 
dye (cf. Doja and Banerjee, loc. cit.), which is remarkably a good sensitiscr sensitising up to 
6350X. 

The flouresceiice of these dyes is given in Table II. d'he colours noted are those of the 
rtourescent b(5am at right angles to the incident beam. 

K X e E R 1 M E N T A I. 

'2\^-Dimeihylthiazolp methiodide. — 2:r)-l)iinethylthiaz()l(‘, prepared from a-chloropropion- 
aldehyde and thioacetamide (Annalen, 1890, 259, 240), was heatcfl with methyl iodide (1:1.5) 
in a sealed tube for 24 hours. The salt crystallised from ab'^olute alcohol in colorless, flat 
needles, m.p. 148", yield 70%. (Found : I. 40.73. (^gHjoNIS rcipiires T, 40. S jjer cent). 

1- i^-DiethylarninostyryU^-methylthiazole methiodide. -2.5- Dimethylthiazole methiodide 
(0.382 g.), ^-diethylaminobenzaldehyde (0.205 g.), absolute alcoliol (5 c.c.) and piperidine 
(2 drops) were refluxed for 8 hours. The dye was precipitated out of the solution by adding 
other and was recrystallised from methyl alcohol in ni‘edles with a weak skybluc reflex, 
yield 32%. (Found : N, 6.70 ; I, 30.52. (\7H23NdS re(|uircs N, 6.76 ; I, 30.67 per cent). 

2A:r^-Tnmethylthi(izole methiodide. 2:4:5-TrimethyltIiiazole, pr(*i)ared from methyl- 
chloroethyl ketone and thioacetamide (.dwwn/cw, 1888, 250, -58) was heated with methyl 
iodide (1:1.5) in a sealed tube for 24 hours. The salt was recrystallised from rectified spirit in 
long needles, m.p. 165-66'', yield 86%. (Found : 1,47.36. F7H1.2NIS requires 1, 47.21 per cent). 

2- ^-Diethylamino8tyrylA:5’dimethy1fhinzole methiodide . — 2:4:5-Trimethylthiazole methio- 

dide (0.95 g.), p-diethylaminobenzaldchyde (0.63 g.), absolute alcohol (5 c.c.) and piperidine 
(2 drops) were refluxed for 8 horns, ddie dye was precipitated out of the solution with ether 
and was recrystallised from methyl alcohol in needles wdtli strong greenish blue reflex, yield 
42%. (Found: N, 6.48 ; 1, 29.51. requires N, 6.54; I, 29.67 per cent). 

2:Q'Dimethylbenzothiazolf methiodide. — 2:6-Diniethylbenzothiazole, prepared from thio- 
aceto-p-toluidide (Jacobson and Ney, Ber., 1889, 22, 907) and methyl iodide (1:1.5) were heated 
in a sealed tube for 24 hours. The salt crystallised from water in colorless needles, m.p. 
247", yield 78%. (Found: I, 41.58. CioHi^NTS requires I, 41.64 per cent). 

2-p- DiethylamincistyryUQ^methylbenzothiazole methiodide. — 2:6-Dimethylbenzothiazole me- 
thiodide (0.806 g.), p-diethylaminobenzaldehyde (0.177 g.), absolute alcohol (6 c.c.) and 
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piperidine (2 drops) were refluxed for 6 hours. The dye crystallised out next day and was 
recrystallised from methyl alcohol in needles with a strong bottle-green reflex, yield 32%. 
(Found: N, 6.00; 1, 27.29. CjiHjjNJS requires N, 6.04; I, 27.37 per cent). 

2-A:Q-Trmethylbenzothmok methiodide. — 2:4:6-TriniethylbeiizothiazoIe, prepared from 
thioaceto-w-xylidido (Jacobson and Ney, loc. cit.), and methyl iodide (1:1.5) were heated in 
a sealed tube for 24 hours. The salt was recrystallised from water in long colorless needle.s, 
m.p. 227-28°, yield 78%. (Found: 1, 39.65. C 11 H 14 NTS requires 1 , 39.81 per cent). 

2-'p-Didhybmiimlyryl-A-X)-dmPthylhenzothiazoh «?etA?Wide.— 2:4:6-Trimethylbenzothia- 
zole methiodide (0.16 g.), p-dictliylaminobenzaldehyde (0.089 g.), absolute alcohol (5 c.c.) 
and piperidine (2 drops) were refluxed for 2 hours. The dye which crystallised out was re- 
crystallised from methyl alcohol in needles with a yellow reflex, yield 38%. (Found: N, 
5.80; 1, 26.39. C 22 H 27 N 2 iy requires N, 5.86; 1, 26.57 per cent). 

One of us (J.C.B.) gratefully records his thanks to the authoritie.s of the Patna Univer- 
sity for the grant of a research scholarship to him during a part of the pendency of the work. 
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DURABILITY OF SODA— LIME— SILICATE GLASSES. PART III. 

RELATION BETWEEN ANNEALING AND CHEMICAL 
DURABILITY 

By Ajitendu Sen, Amalendra Chowdhuby and H. N. Das-Gupta 

The net effect of annealing on chemical durability of glass in bulk and the changes of chemical dura- 
bility, when chilled glass is subjected to different temperatures for a sj)ecifiod period and to a definite 
temperature for varying periods, have been studied. Findings of Williams and Weyl have been verifie<i 
by studying the effect of heat treatment on the surface durability. 

The annealing of glass is a problem of piofound practical importance and different in- 
vestigations have contiibuted substantially towards its diflorent aspects. Thus, some wor- 
kers were interested in introducing suitable optical methods for detection and measurement 
of strain (Sir David Brewster, Phil. Trans., 1814, 1815, 181 fi ; Wilson, J. Soc. (Jhiss Tech., 
1919, 3 , 256; English, ibid., 1919, 3 , 258; Twyman, ibid., 1917, 1 , 67). The rate at which 
strain ia removed from glass has been the subject of several studies (Preston, Glass Ind., 
1934, 15 , 57 ; Littleton, Ind. Kng. Chew., 1933, 25 , 748; Baily and Sharp, J . Arner. Cerarn. 
Soc., 1933, 16, 367 ; Lillie, ibid., 1936, 19, 45). Again a considerable amount of research 
work has been carried out of late years ui)()ii the relationship ludween the composition of a 
glass and its annealing temperature (English and Turner, J. Soc. Glass Tech., 1918, 2, 90; 

1919, 3 , 278 ; 1920, 4 , 387, 1921, 5 , 115, 357 ; 1923, 7 , 25, 73 ; 1924, 8 , 173 ; Adams and 
Williamson, J. Franklin Inst., 1920, 190 , 597, 835 ; Valasek, U.S.A. Bureau of Standards, 

1920, No. 358; Weidert, «prcr/^sw^,192I, 54, 423; Glashutte, 1921,51, 789, 803, 820; 

1922, 52, 1, 17). Also, several investigators have shown that physical properties like 

density, coefficient of thermal exjraiisioii, specific heat, electrical projrcrties, etc., are consi- 
derably modified as a residt of annealing of glass (Englisli and Turmer, J . Soc. Glass Tech., 
1920, 4 , 153 ; Tool and Eichlin, J . Optical Soc. Am., 1924, 8 , 419 ; J Amn. Geram. Soc , 
1925, 8, 1 ; Tool and Hill, J . Soc. Glass Tech., 1925, 9 , 185 ; Peti*rs, Bureau of Standards, 
Scientific papers, 1926, No. 521 ; Wulft* and Mazumdar, Z. physikal ('hfm., 1 936, 31B, *119 ; 
Callender, Trans. Boy. Soc., 1887, A, 178,161 ; Holborn arrd (irunei^i*n, .Inn. Physik, 
1901, 6, L36 ; Turner and Winks, J. Soc. Glass Tech., 1930, 14, 84). 

Previous works, relating to the intlueiice of heat treatment on elreinieal durability of 
glass, reveal that Keeppeler (Glasstech. Ber., 1927, 5 , 97) was the first to point out the 
sharp distinction in respect of chemical resistivity between the surface of glass and its bulk. 
It was also pointed out that annealing not only removed mechanical stress, but that it also 
changed the constitution of glass. Similar work is that of Williams and W eyl (Glass Ind., 
1945,26,275,325). In accordance with their findings the following charges are effected 
in glass, which has been subjected to annealing process : (?) Increased concentration of alkali 
at the surface, (n) structural change, causing strengthening of the bond between the alkali 
ion and the anionic netwoik, and (Hi) removal of alkali fronr the surface by volatilisation and 

its reaction with furnace gases, 
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The present work was undertaken with threefold objects : Firstly, to study the net effect 
of annealing on chemical durability of glass in bulk. Secondly, to make a systematic study 
of the change of chemical durability when a specimen of chilled glass is subjected to different 
temperatures for a specified period and to a definite temperature for varying periods. 
Thirdly, to find out the effect of h(*at treatment on surface durability and thereby to verify 
the findings of Williams and Weyl (loc. ciL) in respect of alkali concentration at the surface. 

It will ]>e semi in the experimental portion that annealing substantially contributes 
tov^ards increased durability of the glass in bulk and that there is an optimum tempera- 
ture for each comp isition at which the maximum effect is obtained (Tables 1, III & VII). 
It is, however, v^ciy doubtful if this increased durability is due mainly to a structural change, 
which is expected to strengthen the bond between the alkali ion and the anionic network. 
The tendency of tlie alkali to migrate to the surface appears to be more even during anneal- 
ing t(*mperature range, provided the total surface area be large. Thus, under identical an- 
nealing temperature, the same glass gives divergent sulphuric acid values according as the 
glass is in the powdered or in the lump form. This will be evident from Table X. It has 
also been found that glass powder, which has been completely washed free of alkali, be 
suci'essively subjectcrl to heat treatment'*, concentration of alkali at the surface in decreasing 
order is found to take place on eacli occasion. This continues for a number (^f times and 
ultimately ceases. But this aspect of the problem will form the subject matter’ of a subse- 
quent eommunieation. 

As on previous occasions, the determination of the durability of glass was made by taking 
recourse to powder test (Faraday, Phil. Trans., 1830, p. 49; P( louze, Conqit. rend., 
1H56, 43 , 117 ; Mylius and Foerster, Ber., 1889, 22 , 1092 ; Z. Instrum., 1889, 9 , 120 ; Hag- 
maier, Met. Cliem. Eng., 1917, 16 , 004 ; Nicolardot, Cornpt. rend , H)I9, 169 , 335 ; Peddle, 
J. i^oc. Glass. Tech., 1920, 4 , 3, 299; 1921, 5 , 72, 195). 

Experimental 

in order to test the net effect of annealing on durability of glass in bidk, bottles, both 
annealed and unannealed and prepared from the same melt, were procured from two different 
manufacturing firms. These bottles were subjected to powder test in the usual way. Table 1 
embraces the results obtained with such bottles and 1'able II gives a complete 
analysis of unannealed specimen No. 2. 


Table T 


Sourrt* 

Type of glass. 


Sulplmric 

acid valuea 



Unannealed. 

Annealed. 

Bharat Gloss Works 

Soda-lime-silicato 

(*) 

837 

721 



(«) 

835 

721 

Glass Products Ltd. 

Soda-lime -boro 

(») 

595 

556 


silicate. No. 1 

(«) 

697 

557 

Do 

soda-lime-boro - 

<*) 

535 

462 


silicate, No. 2 

(n) 

636 

462 
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It will be evident from Table I that annealing increases durability to a considerable 
extent. 


Table II 


Component SiOa RjO, CaO 

% Composition 71.35 3.60 6.90 

•By difforcnfo. 


B 2 O, Alkali* 

1.30 17.95 

(Total 100) 


With a view to studying the effect of varying tempeiatures on durability of glass, main- 
taining the duration of exposure constant, the unannealcd specimen No. 2 was broken into 
lumps of suitable sizes. About 20 g. of the broken lumps were taken for every experiment, 
each being done under identical conditions. The exposures to temperatures, varying between 
100° and 700°, were given in an electri(‘ally heated muffle furnace, the temperature of which 
could be regulated properly. In each case, the furnace was raised to the desired temperature 
and then the charge was introduced in a platinum basin, the temperature maintained cons- 
tant for 3 hours, and then allowed to fall slowly. As the furance was properly insulated, 
the fall in temperature was a gradual one and reciuired a period of 18 hours to attain room 
temperature. Up to 500° there was no deformity of the glass mass, but there was appreciable 
deformity, followed by fusion, at temperatures above OOO". After exposure, each batch was 
subjected to j)owder test and the results of such tests have been included in Table 111. 




Tablb ill 




Temp. 

Exposed 


I'emp. 

Exposed 

HjSO, value. 


for 

value. 


for 



Atmobplieric (28^) 

-- 

535 

(iOO 

3 hrs 

(1) 

425 

100' 

H hrs. 

512 



(2) 

426 

200° 

3 

495 



(») 

425 

300^ 

3 

485 

700 

3 

(1) 

580 

400° 

3 

iSl 



(2) 

.579 

500 

3 

170 



(») 

678 


Table 111 shows that the sulphuric acid value gradually diuiinishes with the increase 
in temperature, attains a minimum value at 600°, and again increases as the temperature 
is further raised. 

For obvious reason it was not possible to expose soda -lime-si I ieate glass to a temper- 
ature of 600° for annealing purpose. Naturally, to study the effect of time glass lumps were 
exposed to 500° for varying interval of time and the lesults of such treatments have been 
included in Table IV. 


'J'able IV 

Temp. = 500“. 

Time (hrs.) .. J 2 3 460789 

H|SO« value . . 482 477 470 460 436 427 426 426 426 

Since in every case the rate of cooling was maintained constant, it appears from 

Table IV that for imparting maximum durability to a glaas of fixed composition, the 
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duration of exposure should preferably be increased. The results of Table IV have been 
represented graphically in Fig. 1. 

In order to corioborate further the observed effect of annealing, two new glasses of di- 
fferent compositions were melted and plained in different Morgan ciucibles. Immedia- 
tely after plaining they A\ere withdrawn from the furnace so as to cool very rapidly. These 
speeimeiis were next hubjeeted to heat treatment. Table V shows the purity of the raw ma- 
terials used, Table VI the percentage batch composition, and Table VII shows the effect of 
annealing at different temperatures. 

Fig.1 Ym.2 




Table V 


Mateiial 

biO, 

Fe.Oa. 

band 

97 2% 

0.3% 

Limo 

1 9 

0 « 

bod a ash 

0 29 

Nil 

Borax 

U ns 

Nil 


Batch No 
a 


A1 Og CaO. M^O 

1 «% 0 4% Trace 

2 hb 71 0 Trace 

- S. trace b trace 

b. trace 6. trace S. trace 


Table VJ 


% Composition 


biO,. 

CaO. 

NagO 

73 

9 

18 

65 

9.5 

17.6 


N»i,0. BgO,. Loss. 

0 3% 

- 23.2 

76% — 1.,.2 

15 89 36.06 47.5 

(u8 water) 


B,0. 


8.0 
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Table VII 

Temp. Duration. Sulphuric acid value 

rf batch 




a. 

b. 

Ordinary (2K ’) 

- 

815 

427 

loo*^ 

3 Ills. 

805 

41.5 


3 

800 

405 

300" 

3 

800 

300 


3 

705 

351 

600 

3 

756 

388 

700^" 

3 

705 

300 


Tf, however, a s])eciiuon of ^lass he brought to a di'sired temperature froiu a higher one, 
kept at that for .‘1 hours and then allowed to eool, the sidpluirie acid value of the specimen 
IS invariably slightly higher than that recorded previously. This will be clear from Table 
VTTT, where each of the specimen was lirst raised to TOO"" and then brought to a particular 
temperature for usual annealing. For the sake of comparison tire values obtained by direct 
heat treatment have also been ineoiporatod in th<‘ tahh*. 

'fABLE VIII 
Duration .3 hours. 


value l;y HjSOj value by heat 

lieat treatment ti’eatment 


Rutcli No. Temp. 

Duration. Diro<*t. 

Indiroft. 

Hatch No. 

Tomp. 

Duration. 

Direct. 

Indirect. 

a aoo'" 

800 

810 


300® 


300 

410 

SOO'" 

3 hrs. 705 

800 


500° 

3 hrs. 

.361 

380 

600° 

7.76 

770 

b 

600° 


388 

30h 

700° 

705 



700° 


300 



Fig. 2 gives a graphic representation of the data inelnded in Tables 1, ITT and VTT. 


To study the eifeet of lieat treatment on surface durability, bottles of almost identical 
shape and eapaeity and prepared fioin the same molt, were procured from the previously 
mentioned firms. Raeh set comprised one anneaUsl and one unannealed bottle. Each 
was filled with a definite volume of water and kept suspended in a water-bath, the level of 
water, both inside and outside the bottles, was maintained constant. The temperature of 
the water-bath was graudally raised to boiling and main t aim'd at that for three hours. 
The whole W'as allowed to attain the room temperature slowly. Content of each bottle was 
taken in a pieviously treated eonieal tlask and titrated with A"/.)0-sulphurie acid. These 
results have been ineluded in Tabic IX. 

Table VIll 

Source of glass bottle. HaSO, required to neutralise the extract from 
unannoaled glass. annealed glass. 

liharat glass Works 44.5 ing. 06.7 ing. 

Glass Products Ltd. 6.0 7.5 

The results shown in Table IX are in close agreement with the findings of Williams and 
Weyl (Joe. cit.). But it is sufficiently clear that the tendency of alkali to migrate to the sur- 

4 
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face is relatively high in soda-lime-silicate glass. As pointed out previously, the effect of cons- 
titutional changes during annealing appears to be less marked when the total surface area of 
the same glass is increased indefinitely. Thus, it will be seen from Table X that the net 
sulphuric acid value of the same glass is different according as the specimen is annealed in 
the lump or in the powdered form. The glass was powdered to pass 160 mesh sieve. 



Table X 

H,SO. 

value 

AnnoHliTig 

Duration. 

Lump. Powdered. 

temp. 

500° 

3 lira. 

795 

885 

500^^ 

3 

351 

373 


Grateful thanks of the authors are due to Mr. M. L. Sen Gupta, Chief Chemist, Messis 
Glass Products Ld., and to Mes^is The Bharat Glass Works, for their supply of bottles of 
all descriptions. 
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THE EFFECT OF METAL8 ON POLYMERTZATTON 

By JovTiRtNDRA Nath Skn, Hanajit Sen Gupta and Santi R. Palit 

'^rhe effetJt of oloates of Mii,Fe, Co, Ni, Cii, Zii on the ()eruxiile -catalysed polymerization of styrene 
and methyl methacrylate in solution in toluene and w-butyl alcohol has been studied. Copper is tbund 
to inhibit the polymerization of styrene and strongly retard the polymerization of methyl methacrylate. 
All other metals have a small retarding effect which is generally more prominent in n-butyl alcohol than 
ill toluene. Iron (ic), however, accelerates styriMie polymerization. 

The effect of metals and metallie eompoiinds on polymorizaiioii has been but little in- 
vestigated in a systematic manner. Such a study, hovvever, is of interest as metals are used 
for fabrication of loaction kettles and also as im^tals aie known to have a strong influence 
on many w(dl known chemical reactions. The piirpo.se of tlie present work is to investigate 
the influence of different metals on polymerization reactions. Monti(^n is, however, frequ- 
ently made in the patent literature on the influence of sodium and alkali metal compounds 
oil biita licue, isoprene, etc., and on the use of metalliii powder and container in connection 
with monomers, sjxicially those connected with synthetic rnbbei- industry (Burk, Thomp- 
son, Weith, Williams, “Polymerization’*, 1037, (3iap. ill; British Patents, 504; 734 ; vide 
Fleck, “Plasties Manual”, 1047, p. 17). 

As metals as such aic insoluble, we have cho.smi suitahle inotailic (;ornpoiinds viz., olea- 
tes which are soluble in organic solvents. We have studujd the following metals viz., Mn, 
J<"e, (k), Ni, (hi and Zn; these were ehosen as they are the active transitional elements used 
as catalysts and also are the most common matciials of construction for reaction kettles. We 
have limited ourselves to two monomers, styrene and methyl methacrylate, and studied 
them in solution in toluene and 7 i-butyl alcohol (monomer : s()lvcnt- = l; 6.5 by volume, 
approx.). 


E X V K R I M E N T A b 

(kmimercial styrene was purified by washing successively with alkali, 
water, etc., and di.stilling in vacuo. Methyl methacrylate was prepared by the depolynieri- 
zation of commercial poly methyl methacrylate. This was washtd as usual with dilute 
alkali and water, etc. and distilled carefully twice under a 16" vigreanx type of column. 

Solvents. — Baker’s C.P. variety toluene was used as such. Laboratory reagent qua- 
lity (B.D.H.) of R-butyl alcohol was distilled over^^drierite (raS() 4 ) before us(\ 

Metallic Soaps . — ^The metallic oleates were prepared by tlie usual method of double 
decomposition between dilute solutions of sodium oleate and slight excess of the metallic 
salts. These were washed several times with watei until free from inorganic impurities, 
dried in a vacuum oven at 50°, and used as such without further purification. The metal 
content of the soaps was determined by standard methods of analysis. 

Catalyst . — Benzoyl peroxide was prepared by the method of Gambarjan, {Ber., 1909, 
42, 4008). The product was crystallised twice from aqueous alcohol and dried at ordinary 
temperature. The sample was assayed iodometrically by standard method* 
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Polymerization , — Freshly distilled monomer, solvent, and solutions of catalyst and soap 
were mixed in suitable proportions and 5 c.c. of the mixture pipetted into dry 16 mm. pyrex 
test tubes with constrictions near the middle, which were previously washed successively 
with hot chromic acid, sulphurous acid, water, etc. The contents were frozen in liquid 
oxygen and sealed under vacuum at the constriction. 

The ampoules containing the reaction mixture were then placed in a thermostat main- 
tained at After desired intervals of time ampoules wore taken out and the amo- 

unt of polymer formed was estimated gravimetrieally after isolation. The polymer was 
precipitated from solution by adding an excess of methyl alcohol containing some hydro- 
chloric acid (to decompose the soap), l^nconverted monomer, catalyst and soap wert re- 
moved with the alcohol and the i)recipitate w'as dissolved in benzene, repreeipitated with 
methyl alcohol, and dried in a vacuum oven at ob betoie Aveighing. 

Viscosity , — Viscosity of the samples of polymer was lueasured w ith an Ostwald type of 
viscometer of efflux time of about 18b sec. with acetone. The tcmperatuic w'as kept cons- 
tant within -_h b.bbr) '. Tntiinsic viscosity, [?;]. was evaluated from an extrapolation of the 
plot of / versus c, wiiere c is concentration expressed in g. per Ibb c.c. of solution, i.p. 

[71] - IK, 

c o c 

Our results are presented below with refcri'iice to each soap 5*(q)aratcly. In some (*ases 
the full course of ])o!ymerization was not followed and data for only thr(‘e hours’ time are 
presented. For comparison we have generally utilised tlic yield for this juuiod of polyme- 
rization time unless otherwise stated. The a<*euiacy and reproducibility of the yield data 
are generally wdthin one unit ])er cent and hence any 'effect within this limit or beknv 5% 
of the yield in the control expeiinient is designated as small. Tn or’der to obtain the effects 
under identical conditions, (‘aeh experiment with metallic soap is accompanied by a separate 
control experiment without the added soap right through umlei (‘xactly the same conditions. 


Manganest 

Idle results with manganese are picsented in d able I ; they are giaphically represented 
in Fig. I and summarised below. 

(a) Toluene as solvent . — For styrene there is a slight but definite retardation. Methyl 
methacrylate also suffers a small fall in yield. 

(b) n-Butyl alcohol as solvent . — In this solvent the retaiding influence is more mag- 
nified. Polymerization of styrene is retarded by about *38% and that of methyl meth- 
acrylate by about 33.5%. 

It is to be noted that manganese retards polymerization of both the monomers to the 
same extent, being very small, if at all, in toluene and being quite high (about one-third 
decrease) in n-butyl alcohol. This magnification of the eflFcct in n-butyl alcohol, as will 
be observed later, is a common feature of almost all cases we have studied. 
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Fig. I 


Fig. 2 


ISffect of metallic soaps on methyl methacrylate Effect of ferric oleate on methacrylate 
polymerization. polymerization. 



Time {hrs,) 

(’urve A (‘ontrol for M. I? - Mn oleato a<lchtiv(‘. 
E— Control for Co. Co Co oleate additne. 
(Toluene sohent for A, B, C’o anti E). C -Control 
for D and Mn. D Ni oleate additive. Mn— Mn 
oleate additive (sinjzle point;, (a- Butyl alcohol 
solvent for (\ I) and .Mn). 



Ciir\e .\ — Control for B. B -Kciik oleate addi- 
tive (O.S5%) (a-But\i alroho] soKentforA and 
B) C — Control for D. D Eeri a* oleate additi\ o 
(2.1%) (Toluen<‘ hoKent for C and D). 


Iron 

Data ai<‘ pM‘s<‘iit(‘(l in 'I'abk* TI and giaphkally iTpiescntcci in Fig. 2. 'I'lii' ifMiltf- arc 

as follows: 

(n) Toluene «.s /.oirenl. -lion lias a slight accelerating tendency in the jtolj inerization 
of styiene. In this solvent the effect i.s. however, veiy small. .Mi*thyl niethaer\ late poly- 
niorization Ls retarded to the extent of about 27”'',,. 

(b) n-Iintyl alcohol a.i solvent . — The aeeelerating inlluenee of iron on .styiene is nuieli 
augmented in this solvent, the jield beinu raised by l!»%. Methyl nuthaerylate poly- 
merization is, however, retarded to an extent ot about b7‘J'„. 

It will be observed that iron retards the polymerization of methyl methacrylate but 
accelerates the polymerization of styrene, and as usual, the effect is magnified in «-butyl al- 
cohol. 'Phis shows that the effect of the additive is possibly to influence one of the vital po- 
lymerization steps e.g., the chain propagation or termination step and not a simple effect 
on the peroxide decomposition. It may be noted from Fig. 2 that the retardation in tolue- 
ne is present as usual throughout the course of the polymerization, whereas in «-butyl al- 
cohol, though of course with half the amount of iron present, the retardation is perceptible 
only after about 40%conversion. 
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Cobalt: (a) Toluene as solvent. — Ak will be seen froin Table Til and Fig. 1, cobalt 
exerts very little iuflueiiee, if at all, on the polymerization of .styrene and methyl meth- 
acrylate. 

Nickel 

Data are piesented in Tabh‘ IV and graphically represented in Fig. 1. They 
are summari.sed below. 

{a) Toluene as solvent. has vciy small infliitnee on styrene as well as methyl 

methacrylate ])olymeiization. The variation between control and experiment is rather 
■small and so does not warrant any positive conclusion. 

(h) n-Butyl alcohol as solvent . — As will be seen in Fig. I, ri'tardation, though feeble, 
is much more marked hcie. For styrene it i.s 7.5% and for methyl methacrylate the 
value is about 12%. 

(^opper 

Data are present(*d in Table V and some ar(‘ represented graphically in Fig. 5 and Fig. 4. 

(rt) Toluene as solvent. — (Joppr'r exerts a profound intluenee on styiene polymerization. 
As will be seen from Fig. 4 there* is an almost (‘omplete suppression of reaction as is eviden- 
ced by the magnitude of the fall in yield, which is about 95 per cent. For methyl meth- 
acrylate (Fig. 3), however, retardation is not so marked, being only of th(^ or‘der of IS%. 

Fi({. 3 

hjffect of copper oleate on methyl methacrylate polymerization. 



0 1 * 3 4 5 


Time {hra.). 

Curve A Control for B, C and D. B —Copper oleate addi- 
tive (0.4(i%l. C— (^oppor oleate additive (1.14%). D— Copper 
oleate additive (2.28%). (Toluene solvent for A, B C and D). 
K -Control for F and G. F— Copper oleate additive (1.0%). 
G Copper oleate additive (2.0%). (n-Butyl alcohol solvent 
for E, F and G). 
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Fia. 4 

Effect of metallic oleatea on styrene polymerization. 



Ttv>e (hrM.). 

(’urve A (’ontrol for Ji. B Zim* ol(*ate 
a<i<liti\o (2.0%). [w-jiutyl alcohol and 
toluene mixture (1 ; 1.4 b> volume) sol- 
\ent for A and J3|. (’ — (’ontrol for 1) 

and K. D (’o}i|>cr oloate addili\c (1.0%). 

K- Copper oleate additive (2.0®(>)* 

(Toluene Holvent for C. D and I'") 

(b) n-Butyl alcohol a,s solvent . — stiong inliibition foi .stytoiie in toliieno solu- 
tion is also maintained in this soKent. Methyl inethaerylale is also retarded to a ‘'renter 
extent in this ^oJ^ent (Fig. It), the fall in yield being 

In Older to aseertain tlie effect of this stiong ndardation by eo])]a*r on the molecular 
weight of the polymer formed, an ex}>erimen( A\as eondueted witli I/H> of the u eight of per- 
oxide catalyst as given in 'fable V’. 'fhis reduced the s])eed of polymerization to 1/4 of 
former value at the initial stages, and two .samples (one control and one with 2% 
copper oleate) were isolated after 1 3 hours of jiolymerization. The control had n 
yield of 56.5%, whereas with eojiper the yield was reduc(‘d to 36%. The intrinsic vis- 
cosity, [i;], of the tw^o .samples in benzene solution are 0.85 and 0.62 re.spectively. It 
will be observed that the I decrea.ses by over 27% by using copper as retanler. This 
probably signifie.s that the retardation is brought about by some interference with the 
termination process and not probably by reducing the rate of initiation. In this retarded re- 
action the rate decreased more than the molecular weight and this agrees w ith Cohen’s ob- 
.servation on retarded reactions in general (Cohen, J. Amer, Chem. Soc., 1947, 69 , 1057). This 
again points to the possibility of copper playing some vital part in deactivating the active 
centreSirin the chain growth process (Foord, J. Chem. Soc.y 1940, 48). Difficulty, however, 
remains as regards the nature of the chemical metamorphosis undergone by copper oleate 
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Table I 


Monomer. 


Metliyl 

iiiotha( r\ Into 


Styreno 


Effect of tnanganefie ohate on polymerization rate at 80". 


Sol\'erit. 

CutalyHt cone. 

Additive 

'rime 

Yield. 

%Retardation, 


(^. bensoyl 

cone. (g./lOOe.c. 

(hours). 


(3 hours) 


})oroxide per 

100 monomer). 

floln.) 




'roJiieno 

0.08 

^^iI 

5 

47 O' 





1 

i:ho 





0 

20.0 





4 

30.4 




2.5 

1 

14.5 

Small 




2 

22.2 





a 






4 

.34.7 


1 

0.01 

Nil 

1 

22.8 


alcohol 



:i 

40.0 





4 

40.0 




2.0 

;i 

3.3.0 

33.5 

Toluene 

0.00 

Nil 

8 

15.8 




2.0 

:i 

15.1 

Small 

'Hut.\ 1 

0.00 

Nil 

:i 

14.7 


nh'ohol 


2.0 

3 

0.1 

38.1 


Table II 

Effect of ferric oleate on polymerization rate at 80". 


Monomer. 

Sfilvont. 

C'atalyst 

Additive cone. 

Time 

Yield. 

%Kotardation. 



(g. benzoyl 

(g/lOOc.c. 9oln.). 

(hour.9). 


(3 houra). 



peroxide per 







loo g. monomer). 





Methyl 

Toluene 

0.98 

Nil 

1 

14.0% 


methacrylate 




n 

22.9 

30.7 






.■) 

51.0 





2.1 

1 

9.0 

20.9 





1/ 

1.5.3 






2i 

27.3 






n 

32.9 






5 

43.2 



n-Rutyl 

0.08 

Nil 

i 

0.7 



alcohol 



1 

14.4 






‘> 

40.7 






3 

71.9 






4 

78.4 






5 

74.8 





0,85 

i 

8.7 

15.2 





1 

13.0 






2 

39.4 






3 

01.0 






4 

05.6 






0 

08.7 


Btyreno 

Toluene 

O.OO 

Nil 

3 

16.8 





2.0 

3 

16.4 

Small 







(acceleration) 


n-Butyl 

0.90 

Nil 

3 

14.7 



alcohol 


0.8 

3 

17.6 

10 ' 







(acceleration) 
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Tablk III 


Effect of cobiilt olente on polymerization rote at 80 °. 


Moiioinor. Solvent. (’atulyst 

Aililitivo cone. 

Time 

Yield. 

%Rclnrdotion 

(g. 1 

(g/lOOe.c. aolil.). 

(hours). 


(3 hours). 

peroxitio per 





loo g. monorner). 





Methyl Toluene O.OS 

Nil 

h 

4.9 


methacrylate 


1 

3 

13.0 

33.5 




4 

39.1 




.6 

40.0 



2.6 

i 

4.0 

Small 



1 

11.5 




2 

20.5 




6 

34.3 




4 

36.9 


0.01 

Nil 


33.6 



2.0 

:i 

33.2 

Small 

Styrene Toluene 0.90 

Nil 

3 

15.8 



2.0 

3 

15.6 

Small 


T.AHI.K IV 




EffiCt of mcl'd oliith on polyniet iz itmn mto at 80^* 


Monomer. Solvent. (atalsst 

A<l<litive cone. 

Tiino 

Yield. 

^oR<^‘tardation. 

(g, heu7(»^ 1 p(‘ioxi(U‘ (p./IOO,e. soil!.), (lioiirs). 


(3 hours) 

])er 100 g. uionoiuer). 




Methyl I’olueno 0.01 

Nil 

3 

33.6 0^0 


rncti acrylate 

1.1 

3 

35.1 

Small 

/i-jhityl 0.91 

Nil 

1 

22. S 


alcohol 


3 

49.6 




4 

19.6 



1.6 

1 

19.S 

12.3 



3 

45.0 




4 

4.’). 8 


Styrene Toluene 0.90 

Nil 

3 

lo.S 



1.1 

3 

16.1 

Small 

n- Butyl 0.9i» 

Nil 

3 

14.7 


alcohol 

1.5 

3 

13.6 

7.6 

which is apparently not a reduced form of copjiei-, ne 

it her is it found in 

a combined state 

in the polymer, though such combination foi benzciquinone was 

observed by Breitenbach, 

Springer and Horoischy {Ber., 10118, 

71 , i4;w). 




Reduction of soap concentration, 

a'l will bo seen 

from the above figures, generally de- 


creases the extent of retardation or inhibition. 


6 
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Monomer 


Me( lo I 

mctliflorj Ifltf* 


Ms lent" 


Tablb V 


Kjfect of copper ole ite on polqnierization rate at 80® 


Solvent. 

C'ntaKst 

Additive cone. 

Time 

Yield 

%KetardRtion. 


(g. hciiAO} 1 pci 

(g/lOOc.c. 

(houre) 


(3 hours). 


oxide per 100 g 
monomer). 

Moln ). 




J Ul» If' 

0 08 

Nil 

i 

1 

4.0% 

0.0 





2 

26.6 





3 

.35.8 





4 

48 0 




2 28 

i 

1.4 

18.4 




1 

8.0 





1/ 

21.3 





•H 

36.3 






44.4 




1.14 

i 

4.0 

15.2 




1 

9.8 





J 

24.1 





4 

41.9 





r> 

46.6 





0 

46.1 




0.40 


4.5 

9.1 




1 

10.9 





3 

36 2 





(‘ 

51 4 


H 1 

0 • 8 

Nil 

(vido Table 11) 

45.8 

n)( oliul 


2 0 

i 

3.6 





1 

11.5 





2 

24.8 





3 

40.5 





4 

38.0 





>“) 

37.8 




1.0 

A 

4.0 

17 6 




i 

13.0 





2 

36.7 





3i 

62.7 





.■> 

65.2 



II 00 

Nil 

0 

47.5 





13 

56 5 




2.0 

0 

11.4 

75.0 (6 hra.) 




f3 

36.0 

30.5 (]3hrs.) 

'1 oluene 

O.Vih 

Nil 

3 

15.8 




2 0 

3 

0.7 

05 4 



Nil 

1 

0.6 





2 

10.8 






15.6 





4 

10.0 




2.0 

o 

0.78 

94.8 




H 

0.0 





4 

0.0 




1 0 

1 

0.5 

00.7 




2 

1.0 


w-But> 1 

0.00 

Nil 

3 

14.7 


alcohol 


2.0 

3 

1.7 

88.2 
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Table VI 


Kffeci oj zinc olmtp on polynicrizfUion rat’ at 80”. 


Monomer. 

Solvent. 

Catalyst 

Additive con". 

Tim » 

Yield. 

% Retardation. 



(g. benzoyl per- 
oxidt per 100 g. 

(g/lOOc.c. solo.). 

(hoiir^). 


( 1 ho irs) 



monomer). 





Methyl 

'foluone 

O.IU 

Nil 


88.0 % 


methacrylate 



l.O 

H 

84.1 

Sm-ill , 


rt- Butyl 

0.01 

Nil 


40.0 



nlc )hol 


O.HS 


47.1 

.7.2 

Styrene 

'rolueno 

0.00 

Nil 

:i 

1.7.8 





1.0 


I5.N 

Sm ill 


a-Butyl 

0.00 

Nil 


14.7 



alcohol 


o.:is 


11.2 

28.8 


X- Butyl 

0.00 

Nil 

1 

.7.0 



alcoliol \ 



0 

0.2 



toluene 



;t 

12.0 



( 1:1.4 hy vol.) 








2.0 

1 

2 

3.0 

K.8 

21.7 (1 hr 
0.8 (2 hrs. 


Zinc 

Data aie preKonted in Table Vf. 

(а) Tolmne tuolvenf. —Zinc exerts no appreciable effect on the rate of polymeri- 
zation of methyl methacrylate or styrene. 

(б) n- Butyl alcohol as solvent- Styrene polymerization i'-’ retarded to an extent of 
23.3%, though for methyl methacrylate the retardation is small, bein»z about 5%. 

Since unlike all the metallic soaps studied, zinc olcatc* ap])eared to lx* only sparingly- 
soluble in both toluene and w-butyl alcohol, it was thought tliat the lack of activity might 
be due to low eoneentration of zinc in solution. So an expeiinient was carried out in a tol- 
uene— /^-butyl alcohol mixture in which zinc oleate is highly soluble. Srtyrenc polymeriza- 
tion was retarded at the initial stages of reaction as will be seen from tlie upjrer pair of 
curves in Fig. 4. 


Discussion 

Though metals are generally observed to catalyse tudiiiarv chemical reactions, w’e find 
that all the metallic soaps studied have a temleiicy to retarrl polymerization, the only excep- 
tion being iron which produces a definite, though small, acceleiation on styrene. The very 
small acceleration shown by nickel on methyl methacrylate in tolueiic solution is rather 
doubtful. The retardation by metallic soaps, though general, is in most cases very small. 
And in this respect copper stands out prominent from all the rest in producing a strong re- 
tardation or almost complete inhibition (Figs. 3 and 4). Our prof-ent state of knowledge 
about the mechanism of retardation and inhibition (Bartlett, Hammond, Kowart, Trans. Fa- 
raday Soc.y Discussion, 1947, 2, 342 ; Rohrs, Staudinger, Vieweg, “Fortschritte der Chemie, 
Physik und Technik der Makromolekularen Stoffe”, Bd.If, 1942, pp. 36-48), is that the added 
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substances either destroy or combine with a growing radical forming a stable one incapable of 
participating in further propagation. Since the metals we have studied have the exceptional 
property of forming co-ouliiuition complexes, it is not unexpected of them to combine with 
the free radicals formed in the reaction and thus produce the effects observed. 

It is known that higher fatty acids, such as oleic acid, have very little or no influence on 
polymerization. Our observation that oleates of different metals do behave differently in 
their capacity to retard or accelerate polymerization and that the effect in some cases is 
negligibly small, points to the same conclusion. The activity of metallic soaps is there- 
fore ascribed to the metallic part of the compound. 

As regards the influence of solvents in our investigations, two significant features 
deserve mention : — 

(a). The polymerization of methyl methacrylate is faster in n-butyl alcoliol than in 
toluene, whereas that of styrene is only very little affected. »om simple considerations 
it scemb probable that the carbon -carbon double bond in methyl niethacrylate is affected 
more by the alcoholic solvent than by toliumc owing to hydrogen bond formation between 


carbonyl oxygen and hydrox^lic hydrogen, such as (’--(! C- O...H ()— B. This inter- 

action possibly results in polarisation of the double ])<)nd and coiis('(|U(‘nt> dirniniition m the 
energy of activation of the reaction conc(‘rn<‘d. Such interaction l)(‘twc<'ii styrene and the 
solvents studied is precluded from similar consid(*rali(ms. The above observation is corro- 
borated by our work in dictliylcne glycol medium wlu're the rate of polymerization is (‘ven 
faster tlian in w-biityl alcoliol (data not repotted here). 


Fig. 5. 



0 12 3 


(h). The effects jiroduced by the nu tallic addi- 
tives in riAniiy] alcohol as solvent are generally 
much more prominent than in toluene. To visu- 
ally illustrate thi.s power of magnification of 
?i-biityl alcohol a comparative plot of the data 
for styrene with difterent metallic soaps is fnrni- 
slicd in Fig. 5. [t will be observed that though 
the sequence is more or less the same within 
the limits of experimental error, the points for all 
metals except copper are crowded within a yield 
range of only one and a half per cent (between 15 
to 16.5%) in toluene, whereas the same points get 
spread over a range of 9% (between 9 to ]S% yield) 
in 7i-butyJ alcohol, which makes it easier to assess 
their relative effect. 

Determination oi intrinsic viscosity [rj] for differ- 
ent samples including those obtained from control 
as well as from]] the soap-retarded . polymerization 
of the methyl methacrylate shows that [rj] in acetone 
varies between 0*24 to 0.35. This shows that the 


Timz (hrs.) 
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molecular weight of the polymer produced is lather small. It is also found fiom the 
viscosity data that [rj] for samples obtained in w-butyl alcohol as solvent is as a rule 
greater than those of otherwise identical samples in toluene. The fact the that poly- 
mer is insoluble in n-butyl alcohol but is soluble in toluene may have some bearing on 
this observation. 

An examination of our data suggests that a grading of thr* metals could be made in res- 
pect of their efficiency in retarding polymerizatioji. The relative efficiency of the metallic 
soaps in this direction for methyl riieth«qcrvlate and styrene in the two solvents can be repre- 
sented thus. 

'roliieiie an solvent :-(l) methyl Mcthfierylate 

Zn, Co. 

^ (Ni accelerates 0 

(2) Styn^ne 

^Ni > Mil, Zii, Co. 

^ (Fe accelerate^). 

n-Butyl alcohol as solvent: -(I) methyl methacrylate 

(?ii>JVln,Fe>Zn,Ni 

(2) StyreiM‘ 

Zr^Ni 

^ (Fe accelerates). 

From the aho\e series w’v find that (M)pper stanrls foremost in its capacity to retar'd or 
inhibit polymerization of methyl methacrylate and styiem* in hotli the solvents. Manga 
nesc rilso is somewhat cfl'eetive and the r(‘st retard polymerization in general, hut the extent 
is small. Iron is conspicuous by its exceptional property of a((‘eleration on .'•tyrerre polymeri- 
zation irr(‘speetiv e of the solvent. Examinatiori of the order in which the metals occiii in 
the series suggests Unit apart from the intluenee, of monomers the solvents have some role 
in determining the rrdative cffieii n(\> of a metal in influeneing polymerization 

Variations of the amourrt of soap added show clearly (Fig .‘5) that the magnitude of re- 
tardation produced by additives is definitely dependent on tlieir eoment ration. It is to 
be noted that on halving the concent rat ioi of copper oleate, which inhibits the ])olymerization 
of styrene, the extent of inhibition is reduced by a d(*finite, though \v\y t-mall, amount 
(Fig. 4). Due to insufficient rlata at our disposal, no attem])t at formulation of a quantitative 
relation is made* in this direction. 

Lastly, a peculiar feature observed in the polymerization of methyl methacrylate in 
/i-butyl alcohol must be notr’d. Under the conditions of our experiment a tendency towards 
a fall in the overall yiedd is observed after about 80 % conversion in the control ex- 
periments (Figs. 2 and 3) which coincides with polymerization time of nearly 4 hours. This 
tendency is also noticeable in the retarded reactions with copper or iron (ic) oleate as addi- 
tive and in these eases the so-called maxima in the yield-time curve is reached after the j-anie 
period of reaction, though^of course at a much kmw conversion (Figs. 2 and 3). It shouldj 
be noticed/ however, that this downward tendency of the yield-time curve is much less in 



396 


J. N. SEN, B. SEN pUPTA AND S. E. PALIT 


the retarded experiments than in the control ones. From the above observations it seems 
likely that some oxidative degradation or depolymerization of the polymer formed under 
the conditions of experiment (high tempciature and high peroxide concentration) is res- 
ponsible for this effect. Also it seems probable that the depolymerization process is retarded 
by the metallic additives which accounts for the decieased downward slope in the curves 
for the retarded reactions. This retarding effect on the degradation is expected if the mecha- 
nism of degradation of p ilymethyl methacrylate is a reverse polymerization, being a chain 
reaction involving radicals, as has been shown by Grassie and Melville, {Trans. Faraday 
Soc., Discussion, 1947, 2 , 378). 

Indian Association fok 
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THE CHAIN TERMINATING STEP IN THE CATALYSED VINYL 
POLYMERIZATION 

By Ran a, ITT Sen Gupta and Santj R. Palit 

A suggestion that the rhain termination by catalyst fragments is a very important factor in deciding 
the molecular weights, overall rates etc., is made. An extreme case when only such ierinination occurs 
in a polymerization reaction is analysed theoretically and the size distribution function deduced. The 
consistency of such a hypothesis with previously observed clnta is shown. 

Ill the coninion vinyl polymori/ations, catalysed by peroxide type of catalysts, the gene- 
rally accepted view is that the chain termination occurs by the mutual combination of two 
growing radicals, which for brevity wo shall call coTnbination termination process, as shown 
below. 


>k * 

Mn 1“ M|n MQ.«.ni 


where an asterisk indicates a free radical and M stands for a monomer unit. The main argu- 
ments are (cf. Herrington, Trans. Faraday Soc.y 1942, 40, 23b) : 

(1) The existence of a maxima in the size distribution curve of the polymer (Schulz, 
Z. phy^sikal. Chtjn., 1939, 438 , 25, 49). 

(2) The slope of the overall velocity curve is proportional to the square root of the 

catalyst concentration. 

The bulk of the available data supports such a view, and the mechanism may be substanti- 
ally correct. 

Ill a previous communication (comwanicaied) \\e deiiu nitrated the enormous activity 
of potashium ])ersulphate in solution polymerizatic n of styrene in diethylene glycol. Our 
findings were that this catalyst was about 100 times more active than benzoyl peroxide in 
the same solvent and that the molecular weight of the jicduct in the first instance was 
more than five to six times than in the latter case. The^c two facts appear at first sight to 
be mutually incongruent as the general view’ is that the faster the initiation, the smaller the 
molecular weight, as described by the following equation. 


Molecular weight (number average) 


Velocity of propagation 
Velocity of termination 


Velocity of piopagation 
Velocity of initiation 

To meet this situation, a suggestion was made that the chain termination mechanism 
was not the same in the two cases. We assumed that in the case of peroxide-catalysed poly- 
merizations there was a possibility that the termination might occur by the mutual collision 
of a free radical produced by the catalyst and the growing polymer chain (which w^e shall 
concisely term “the radical termination” process) as described by the equation, 

M^r + R”** ► M,R 

and that this mechanism did not play a very substantial part in the case of the persulphate. 
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The present communication is intended to analyse the effect of such a termination 
process on the overall rate anrl on the size distribution curve of the polymers formed. 

The Khietic Frame 

h 

( ataly>t ► K* 

Initiation H* ( M > KM* 

Kropaj'atioii KM* ^ M - - — ►KM*^ 


K 

KM f M ►HM* 

Termination: (a) (\)nibinatioii 1(rmination 

h, 

KM*.,. I KM*,, - - ->KM,,,K 

(b) Kadic-al termination 

A*' a 

KM*u 4-K* ► KMnK 


We are nej'leeting the chain transfer etc. which do not ha\e any direct influeiKje in our 
ease. 

In the above, we have supposed that the catalyst radical is deactivated in only two 
ways. This is, however, not the actual case and various side reactions occni by >\hieh the 
catalyst is decomposed, riiese side reactions, hovvevei, ha\e no inlluencLM)n the polymeri- 
zation reactions except that they reduce the effective concentration of the catalyst. The 
common procedure is to introduce a “peroxide wastage factor” to make allowance for these 
side leactions (Nozaki and Bartlett, J. Amer. Chem. &c., 1046, 68 , 1686). 

In all previous woik, A', was assumed to be equal to A-tg, which no doubt sim])lifies the 
mathematics but tends to pioduce the impression that the “radical” teimination process has 
no significant effect in the size distribution of the polymers formed. However, cannot 
be equal to and this can at least be indi<*ated in the case of solvents wiiere the polymer 
is insoluble by following a simple argument as given below. 

Kvans and Baxandale (Tram^. Faraday Soc,, 1047, 43 , 215) have shown that for such 
a system the chain termination may be essentially that of coagulation of colloidal solutions, 
as given by Smoluchowski and by modifying Somoluchowski’s equation for such processes, 
he derives the equation. 


where f (n) = 




( 1 ) 


where n is the number of monomer units in the radicals taking part in termination. 

In the case of usual combination termination we have average Wg virtually equal to nj 
aad hence /(n)^^ unity. However, in “radical” termination process this is far from the 
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case because for the production of polymers of molecular weight nearing 20,000, njiWa is 
about 200 and hence 



and therefore of order of two. 

Here of (jourse, we have made the rather questionable assumption that ifctg can be calculated 
by equation (1), because the above equation has been deduced for the mutual coagulation 
of two colloidal particles, whereas iti our calculation only one of the two fragments is insolu- 
ble and hence the equation is not strictly valid. 

The possibility that the benzoate radical may also teiminatc (in addition to initiation) 
is very plaudble. The recent observations of Mayo and Gregg (J. Ahipt. Chern. Soc., 1948, 
70, 1284) indicate that any free radical can behave both as a catalyst and as an inhibitor 
and generally both concurrently depending upon conditions and in fact, the phenomenon of 
inhibition, which is only a limiting case of our radical termination, is shown by the above 
authors to run concurrently with initiation in the case of the triphenylrnethyl radical and 
I(5ads them to the conclusion that “the differences between them (initiation and inhibition) 
are quantitative rather than qualitative”. 

The Overall Rale 

The con -ii deration of only the combination termination process leads to the familiar 
cMpiation (Kvans, Tran'*. Faraday Soc., 1947, Disc. 2, 271) 



where M is the concentration of the monomer and k^, the rate of deoornposition of the 
catalyst concentrations. Redington (J. Poly. JSd., 1948, 3, 5( 3) introduces a correction 
(1— w;) to the catalyst concentration (w being the “peroxide wastage"’ factor) to explain his 
experimental results, and uses the modified equation, 

_ = jfc / c fM] (3) 

dt V kt^ 

We now consider the extreme case that the termination occurs exclusively by the 
^radical’ termination process. In this case assuming the usual steady state equations we 
proceed as follows : We have, 

=ifc,c-jfc, [Rl[M]-fct, [R][M] = 0 
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and *^15**^ -fc, [RJlM]-i-, rll][M*J = 0 

at 


These two when solved gives, 


[M*] 




and R 


kiC 

'Ik, [M] 


And hence, the overall rate 


---h LM*UM1+*-, [R][M1 

/'p I'- IM]* d iV W 

A /1 2 

[R and M* being the catalyst fragment and tlie growing chains resj)ectively]. 

The equation is true only if c^O. This equation differs from the standard equation (equa- 
tion 2) in the important respect that the rate is here linear with respect to the square of 
the inonomet concentration instead of being propoitional to its first power. 

Schulz and his co-workers, {Z. physikal. Chem., 1942, 51B, 75; 1938, 39B, 246) and 
Mark and Josefowitz (cf. Matheson, J. Chew. Phijs., 1945, 13 , 584) have shown the 
polymerization of methyl methacrylati*, styrene, vinyl acetafe and isoprene catalysed by 
benzoyl peroxide, or of styrene catalysed by tetraphenyl suecinonitrite do not follow the 
simple equation (2) and can be expressed better by equation (5) 

- T 


where 1; is a constant. 

To obtain this equation theoretically Schulz assumes that the monomei and the 
catalyst exist as an equilibrium -complex (k being the equilibrium constant) and that this 
complex rearranges unimolecularly to give the first radical unit of the growing chain 

Cat 4- M — * — ,Cat M RM* 

Similar views were expressed by Cuthbeitson, Gee and Rideal {Proc. Roy. Soc., 1939, A, 170, 
300) to explain their results on the vinyl acetate polymeiization. Matheson {he. cit.) suggests 
an alternative explanation based on the rapidly reversible dissociation of the peroxide mole- 
cules within a cage of solvent molecules. However, it is intersting to note that the equation 
(5) which has a power > 1 in M stands midway between equation (2) with power unity on 
M and equation (4) deduced by us with an exponent of 2 on M. Thus, a plausible explana- 
tion of the observed fact may be found in the simultaneous occurrence of the two termination 
process in actual reaction, > ' 
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The rouults of Redington (J . Poly, /Set,, 1948, 3» reveal certain intereating features. 
He finds that lauryl, p-dichlorobenzoyl and 2-4 dichlorobenzoyl peroxide, though have greater 
rates of decomposition than benzoyl peroxide, initiate the polymerization to a much smal- 
ler extent, the results being that the overall yields of the polymers are smaller. This he 
explains successfully by introducing *w\ the peroxide wastage factor as mentioned pre- 
viously. The effect of w is to decrease the effective concentration of th(‘ catalyst i.c., to 
decrease the effective value of in equation (2). It is doubtful, however, if this sinftple 
explanation of Redington explains the whole picture b(*caiise it can be easily shown that 
the ratio of the molecular weight averages of the polymers formerl by the two catalysts may 
bo given by 

Hence we might expect, the higher the (1— i/») value, the lower would be the molecular 
weight. However, (‘xactly opposite occurs in the case of p-chlorobenzoyl peroxide, as shown 
in Table 1, calculated from the data of Redington. (/or. cit.). 

'Fablk 1 

Tomp. ("atalv’st. A', (hr q w. 

100® Benzoyl 

peroxide 1.(15 (LOH 

/>-Cljloroboii7o>l 

peroxide 1.5 0.12 

Benzoyl 

74.8* peroxide O.OiiS 0.15 

p-Cli!orobon/.oyl 0,80 0.52 

peroxide 

Benzoyl 

01.0° peroxide 0.0093 0.23 

p-Chlorobenzovl (K012 0.51 

poj oxide 

Benzoyl 

49.9° peroxide 0.0019 0.29 

P’Chlorobonzoyl 0.003 0.72 

peroxide 

Benzoyl 

34.8° porox’de 0.00014 0.39 

p -rill lorobenzoy l 0 . 00030 0.81 

peroxide 

♦fri this case the values of /4 h,, are a« expected 

I'his peculiar behaviour of p-ch lorobenzoy 1 peroxide may be explained by ovserving 
that w is always greater in this ease than that of benzoyl peroxide, w is all the peroxide mole- 
cules which do not initiate a polymerization chain and hence must include also the amount 
psed in radical termination process, and this process is more prominent in the former case 


(I Sp. 

visoosify. 

I 52 1.94 

1.32 

0.05(j 
0.042 

0.0071 4.35 

0.(M)5r> SI 

0.0013 5. OS 

0,0008 4.81 

0.00057 (i.40 

0 00005" 5.48 


1 .74 

2.87 ^ • 
3.02 S 




ft. HKN (ItrptA A^X> H. ft. ftAUT 
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than in the latter, and we nhall show below that this prooess tends to make the molecular 
weight lower. 

Some similar observations have also been published by Cooper {Nature^ 1948, 162, 897, 
927) in two very recent notes. 

The Size Distrihxiiion Function 

In the case of termination by combination, Herrington and Robertson give for the size 
distribution function, 

4M,J . ... 

dt - * [Mi* ‘ ' 


where 




i. 


and M, the concentration of the polymer with chain length r. A is the rate of initiation of 

00 

the growing chain i.e., A = k^c= [M,*]* 

Equation (7) reduces to 

-(r-- 

M 


— (r — e 


= I ^1*^1 ffi (r— 2) e 
dt * [M]* ' ' 


(H) 


This equation is peculiar in the respect that theic is a maxima in the ^ verms r curve. 

at 

As we have mentioned in the beginning that this is The strongest argument in favour of a 
combination termination in actual polymerization process, as Schulz (loc, rit.) pointed out, 
and his experimental curves have a very close resemblance to equation (8). However, 
Herrington {loc. cit.) points out that a maximum in the size distribution curve may arij'C 
from other mechanisms, but all these could at once be eliminated by kinetic considerations. 

For the case of teimination exclusively by catalyst radical, the molecular distribution 
can be easily arrived at by a process essentially that of Herrington and Robertson, as shown 
below. We have, 

IMM[M] - fc,. [MMfRl _ 0 

And if we write A for the initiation rat-os of the nulical chains 

A-A;plM*][M] ffr„[Mi*][H] 


*p [M*.-,1[M] A-,, IMMFM] 4 /fci, [M*,][R] 

Summing to infinity 

A [Rli|M,i 

1 

“ 4 V- 
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Rearranging the above set of equations we get 

= kp [Ml’"] [M] (*^y substituting the values of [R] 

where 

^ ai-pfc, 

The rth equation of thin set being 

Ar,rM\.,J[M] =kp [l + J 

Multiplying botli sides up to itb equation we get, 

A = *pLM.’"][M][[U>J 

Taking logs and using the approximation 
log (1 +a:) = X for large values of r, 

Wo get . 


and thus, 


logA-=logA;p[M.’"JlMl + r 


kp [M,-" ILMJ = A r I'M? 


= ikic e. " [MJ' 


[M,’"| = V fMI' 

This is our radical distribution equation. 

Now, wo have, 

-- ^,[M.’"jrR] 

Substituting the value of from the ladieal distribution equation wo have, 

’ iU 4 k^k, [M]* 

Writing a for we get our required size distribution curve 


.. (9) 
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d Mf „ g" 

dt [Ml* 


f 


PL 

[M] 


( 11 ) 


The size distribution equation (11) is clearly an exponentially decreasing curve with 
no maximum. The effect of radical termination occurring concurrently with the usual ter- 
mination by combination would thciefore be to shift the maxima towards lower chain length 
which might be one of the factors responsible for the unexpected lower molecular weight 
in Redington’s results. 


OoNCLUaiox 

'I'he hypothesis that the peroxide radicals can leadily terminate a growing chain brings 
us face to face with the problem of determination of the factors which make a free radical 
very effective in such processes. This question naturally is bound with the stability of the 
free ladicals and their aveiage life on which very little is known. Some considerations si- 
milar to the alternating effect (Walling and Mayo, «/. Poly. Sci,, 1948, 3, 895) in copolymeri- 
zation may also have some bearing on the problem. As more information on various 
catalysts is becoming increa.s'ingly available, it seems that a comirlete overlooking 
of this role of the catalyst radical has been too drastic an oversimplification in many 
cases. 
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CHKMlvSTRV OF THK RARE EARTHS. PART VI. DOUBLE 
thiosulphate of RARE EARTHS 

By Nihar Kumar Dutt 

C'oinposilion and isolation of several double thiosulphates of larc earths have been described. 

Our knowledge of the thiosulphates of rare earths is very meagre. These have 
been desciibed in text-books as “well-defined crystalline salts which are readily soluble 
in water. They arc not hydrolysed with the precipitation of basic salts when their 
aqueous solutions are boiled*’. The incorrect nature of the above statement was first 
evident from the observations of Saikar (Ann. chim., 1027, r, 8, 252) who, while working 
with gadolinium, observed that “gadolinium thiosulphate is not obtained by double 
decom])osition betw'een the calculated quantities of gadolinium sulphate and barium 
thiosulphate. On evaporation on a water-bath 01 over cone, sulphuric acid, the product 
decomposes. A concentrated solution on being precipitated with alcohol gives a 
compound which is unstable and on keeping bectnnes insolulilc in water with separa- 
tion of sulphur”. vSiniilar observations were made wdth elements of the cerium group. 
Tlieir thiosulphates were found to be stable only in dilute aqueous solution and in the 
presence of a large excess of alkali tliiosuiphat<‘S. Slight decomposition was obseived 
in the yttrium gioup in concentrated so’ution by Crookes iChrm. News, i8q6, 74 , 259). 
This stability in i)iescnce (^f excess of thiosulphate suggests the formation of double 
thiosulphate in solution. 

Several moderately soluble double tWosulphates of the cerium earths with nioiio- 
valeiit co])per have been desciiocd by Caniiei i .ind h'ei naiides i(r(KC( //s, 1925, 55 , 443) 
having the general formula RCidSoOib- 8H2C), where R stands foi Ce, La, Pr and Nd. 

Several bismuthi-thiosulphates of the general foimula RaBdSiOa), where R stands 
for Na, K, Rb, Cs, i Ba, have been described by Carnot iCompi. icnd., 1876, 83 , 390), 
Sanchez (Bull. soc. chini., 1912, iv, 11 , 440), H^xusev (/. anorg. Chem. ^ log^, 35 ^ 1) 
and Vanino and INIussgiiug (Aich. Phaim., 1Q19, 259 , 264). The above observations 
of Carnot and others and the close resemblances which the rare earth salts show with 
the corresponding salts of bismuth, at once suggest the existence of double thiosul- 
phate of rare earths. Investigations into their uatuie and composition form the subject 
matter of the present communication. Several double thiosulphates have been isolated 
in the solid stage. 

Before proceeding with the actual isolation, we must know their composition and 
this has been studied by tw’o independent physical methods : 

1. Method of thermometric titration of Dutoit (]. chim. phys., 1921, 19 324, 331). 

2. Method of continued variation of Job (Compt. rend., 1928, 180 , 928), 
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Experimbcntal 

Thermomeiric titrations : Experimental Arrangements 
(cf . Part IV, this Journal, 1945, 22 , 75). 

The solution (Af/io) of the 1 are earth nitrate (40 c.c.) was taken in the inner flask 
and the thiosulphate solution (2 M) was added from the burette at regular intervals 
and the changes in temperatures noted. The differences in temperature were then 
plotted against the volume in c.c. of the thiosulphate solution added (Figs. 1-4). 

The curves for the cerium earths are all of the same type, multilinear with two 
breaks each, the position of the first break with different rare earths and thiosulphates 
always lies in the same region where the ratio of R : 8263 = 2. 3 corresponding to the 
formation of normal thiosulphate R2fS203),, where R stands for Ea, Ce, Pr and Nd. 
So far as the position of the second break in different curves is concerned, however, 
the curves differ much from one another for different alkali thiosulphate. For sodium 
thiosulphate (Fig. i) the second break lies in a region corresponding to the complex 
ion RCSjOa)/". For K and NH^-salts, however* (Figs. 2 and 3), the break coi responds 
to a complex ion R(Sa()3)3'". Curves for the yttrium salt (Fig. 4), unlike those for the 
elements of the cerium group, present only one break corresponding to the normal salt 
Y2(Sa03)s. No indication of the formation of any complex salt is obtained. 

Thermomeiric titration curves. 



Fig. I Fig. 2 Fig. 3 Fig 4 

Method of Continued Variation 

This method for the study of impel feet mplecular and ionic aggregates in solution 
and determination of their stabilities is originally due to Job (/or. c/M. Suppose the 
complex thiosulphate is produced by che following equilibrium reaction, 

wiR + n 8303^^ V. ■ Rm(Sa08)i>^ ••• (i) 

The general equation relating the values of the dissociation constant /f, as derived 
by Job, is as follows ; 
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X + = A:{«-(Ht + n)A;} ... (2) 

where m represents mol. of rare earth, R 
n ,, ,, thiosulphate 

C molar cone, of R 

,t I, thiosulphate. 

Suppose .V c.c. of ihiosulphate combine w -ih (i - a ) c.c. of Rio give tlie iiiaxi- 
nium change. Putting /’=i in eq. lliat is for ecinimolecular solutions, we have 


in 1 — A 


••• (3) 


Hence from a knowledge of llie maximum composition (a), the formula of the complex 
can be determined from the ratio ni/n taking the simplest value for m and m. 


Fig. 5 

Condiictomeliic cuives 



Thiosulphate {%) 
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To dotomine tl.o ...axlimm. compooitto, cta.Bos In Mnd.Ktlv.t.c of d.Scronl 
o, /„/»«« ,,'m Kcsisima-s nore ac.ually nioasurod and t»,pr^U of Ihon, 

,^r ,st< „ as condaclivilies. Tlio d/rcresnofes from aiMitm- rate to, the ass„n,p,;„„ 
no roac/on ,.te pW «re Ilian l.Wtad as a function of Iba cotnposifion of 


the mixture. 

All inedsiiremeiits were made in an electrically regulated thermostat capable of keep 
iiig the temperature constant within ±o.os^» 

for experimental delerniinatiVm of electrical reoSiaStance.s, much inij)roved and 
precise method has been employed, which will be diosciised in a later communication. 

All the curves with different alkali thiosulphate in this case, however, aie alike 
showing breaks in the regions corresponding to the normal lliiosnlpliatc and the com- 
plex ion showing that at tliese dilutions only one type of complex ion exists 

in solution, no molecule aggregate as R(S2(hh'^' exists. 

In the solid state, howcvei, two types were isolated. 

'lo piove that the maximum composition is iudepeiidunt of the concenliations of 
the primary solutions, the above experiments were repeated with solutions of difleient 
but equiiiiolecular concentrations, giving identical results Results toi one set of 
observations are, however, given (Tables I-VIl, big. 5). 
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Tabuk II 


M/50-Lantlianuiu cliloride and ilZ/so-pot. tliiosulpliatc (iMg. 5, curve 11). 
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i\i/5u-Laiitliaiiuni chioridc and il//5o-Ain. thiosulphate 5, 

curve III). 
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Tablb IV 


iW/5o Ceious chJoridt and M/so-Am. tliiosulphatc fl'ig. 5, curve IV). 
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Tabi.e V 

Jll/iou-Saniaiiuni chloride and JI / loo-sodiuin thiosulphate (Fig. 5, curve V). 
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Tabi,b VI 


M/ioo-Neodymiuni chloride and M/ioo-sodium thiosulphate (Fig. 5, curve VI) 
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A//5c)-Yttriuiii chloride and il// 50-sod in ni thiosiilphale (Fig. 5, 
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Preparation of the Complex Thiosulphates in the Solid State 

After determining the composition of the complex by the physical methods, the 
investigation was extended to the isolation of these salts in the solid state, 

1. Sodium Lanthanum Thiosulphate .—¥or the preparation of the sodium salts, 
rare earths were taken as perchlorates, since sodium perchlorate that would be formed 
by double decomposition is soluble in alcohol. 

Lanthanum perchlorate (i g.) was taken in 5 c.c. of water, cooled in ice to 0-2° ; 
to this solution was then added a well cooled solution of sodium thiosulphate (2 g.) in 
5 c.c. of water with Stirling. Alcohol (50 c.c., 95%), cooled in ice, was then added drop- 
wise and stirred mechanically ; at first an oil separated which was quickly transformed 
into white crystalline precipitate. It was then purified by washing with 95% alcohol 
first by decantation and then on the filter. It was then redissolved in the least quan- 
tity of ice-w'atei and repre^ipitated with alcohol, washed similarly as above, and diied 
in a vacuum desiccator over CaCL- 

The salts separate in colorless micro-crystals, readily soluble in water. An aqueous 
solution decomposes gradually becoming turbid due to the separation of sulphui. 
[Found : Na, 16 51 ; La^ ic).8i ; S, 36 05 Na.LalSaOJi require*^ Na, 16.41 ; La, 19.82 ; 
S, 36. /I I IK I- CClltJ. 

2. Sodium Certum 'riuosulphati.. — The method of preparation is the same as above 

using cerous perchlorate. In properties the salt resembles the lanthanum salt in all 
respects. Lh'ound : Na. 16.50 ; Ce, 20. tt ; S, NasCefS-jOj), rcquiies Na, 16.35 J 

Ce, 19.91 ; Si 36.41 per cent]. 

3. Sodium Piascodymmm Thiosulphate, — Praseodymium perchlorate (ig.) was taken 

in 5 c. c. of ice-cold water. The rest of the procedure w^as the same as above. The salt 
separated in light green micro-crystals. In otlier respects it resembles the other salts. 
[Found : Na, 16.21; Pi, 20.14; vS, 36.52. Na^PPSgOjlo requires Na, 16.33; *20.01; vS, 

36.33 pel' cent]. 

Sodium Neodymium Thiosulphate. — The method of preparation is the same as 
above using neodymium perchlorate. The salt has a light rose colour. [Found: Na, 
16.14 ; Nd, 20.44 ; S, 36.33* NasNd requires Na, 16.26 ; Nd, 20.40 ; S, 36.18 

per cent] 

5. Potassium Lanthanum Thiosulphate — For the preparation of potassium salts, 
rare earth acetates were taken to start with, since potassium acetate is highly soluble in 
alcohol. 

Lanthanum acetate (ig.) was taken in 5 c.c. of ice-cold water ; to this solution was 
then added a well-cooled solution of potassium thiosulphate (1.6 g.) in 5 c.c. of water with 
stirring ; alcohol (50-60 c.c., 95%) cooled in ice was then added drop by drop with mechani- 
cal stirring, when at fir^t an oil separated which was quickly transformed into a micro 
crystalline precipitate. It was washed with 95% alcohol, filtered, redissolved in the least 
quantity of ice-water and reprecipjtated with alcohol, washed as above, filtered and dried 
in a vacuum desiccator over CaCl^. ^ 
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The salt separates in white micro-crystalline state. In composition, it resembles the 
corresponding salt of bismuth, unlike which, however, it is readily soluble in water with 
gradual decomposition with separation ol S. [Found : K, 19.58 ; La, 23.32 ; S, 32.71. 
K3La(S203)3 requires K, 19.76 ; La, 23.48 ; S, 32.43 per cent]. 

6. Potassium Cerium Thiosulphaie. — The method of preparation is the same as above 
substituting cerous acetate in place of lanthanum acetate. It resembles the lanthanum 
salt in all respects. EFotind • K, ig.57; Ce, 23 65; S, 32.60. KaCefSjO,), requires 
K, 19 73 ; Ce, 23.61 ; S 32 37 per centj. 

7. Potassium P'tascodymium Thiosulphate.— The salt was prepared in the same way 

as the other salts from praseodymium acetate and potassium thiosulphate. The salt 
separates in light green micro-cyrstahs, readily soluble in water with decomposition. 
[Found: K, i 9-57 ; 2372; S 32.45. K3Fr(S203)3 requires K. 19.69; Pr,23.73, S. 

32.32 per cent]. 

8. Potassium Neodymium Thiosulphate. — The method of preparation is the same as 
above which it resembles in all respects. The salt is obtained in light rose colour. 
[Found : K, 19.65; Nd, 24.06 ; vS, 32.31. K,Nd (S20.vi requires K, 19.59 ; Nd, 24.16; S, 
32.14 per cent]. 

9. Ammonium Lanthanum Thiosulphate. ^For the preparation of the ammonium 
salts the rare earth iodides are used. The salt is obtained fiom lanthanum iodide 
and ainnioniuni ihiosulpliate in the same way as other alkali salts. 

The ammoniuni salts, also, have the composition similar to the corresponding 
bismuth salts. It is readily soluble in water and the aqueous solution decomposes 
gradually with separaiion of suli>hur. [Found : NH4, 10.12 ; La, 26.15 ; S, 36.36. 
(NH,), La requiies NII^, 10.21 ; La, 26. 2S ; vS 36 20 per cent]. 

10. /Ifiimonium eerium thiosulphate w'as prepared in same way as above. 
[Found: NH,, io.t6 ; Ce, 26.38; S, 36.14. . (NH4l3CeUS20;,)3 requires NH4, to 19 ; 
Ce, 26.47 ; S, 36.23 per cent|. 

IT. Ammonium Prascodyiiiium Thiosulphaie. — The method of preparation is the 
same as above. The salt sej^arates in green micro-crystallinc [precipitate. [Found : 
NH4, 10.12 ; Pr, 26. 48 ; vS, 36.24. (NH,), Pr (S2(hU requires NH4, 10.17 i Pr, 26.55 ; 

vS, 36.16 per cent]. 

12. Ammonium modymium Ihiosuiphaie was obtained as above as light rose 
crystals. It readily dissolves in water with giadual decomposition with, separation of 
.sulphur. [Found : NH,, 10.21 ; Nd, 27.12; S, 36- 15. (NH4)3 Nd fSaO.,)-; requires NH4, 

TO. IT ; Nd, 27. 02 ; S. 35 96 per cent]. 

Methods of Analysis 

The compound was first decomposed with concentrated hydrochloric acid and filtered. 
The rare earths w*ere precipitated from this filtrate tw icq with ammonia, the hydroxides 

2— 1721P-9 
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dissolved in dilute hydrochloric acid and precipitated with oxalic acid as oxalates and the 
oxalates were then iMnited to oxides. The filtrates from ammonia precipitation were 
mixed together, evaporated to dryness, ammonium salts removed by ignition, residue 
treated with a few drops of concentrated sulphuric acid, excess lemoved and alkalis weighed 
as sulphate. Sulphur was estimated in a separate sample as BaS 04 aftei oxidation with 
ammoniacal hydrogen peroxide and separation of rare earth hydroxides. Ammonium 
in ammonium salts were estimated by Kjeldahl’s method after distillation with caustic 
soda, absorbing the evolved ammonia in standard acid and titrating the excess acid back 
with standard alkali. 

The author’s thanks are due to Prof P. 11. Saikar for his kind and lielptul sugges- 
tions during the progre.ss of the woik. 

Inorganic Chi'.mistka Lahorctohy, Received Sel>tembcr 

UnIVKRSITV CoU.K‘,l 01 S'llNCI , Cai.u'itc. 
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CHROMATOGRAPHIC ESTIMATION OF ALLOYS. PART I. 

COPPER IN BRASS AND BRONZE 

By B. S. Srikantan and V. Krishnan 

Conditions for obtaining uniform and sharp chromatograms of copper ion has been studied with 
reference to the adsorbent, si/e if tube, strength of solution and developer Using potassium ferro- 
cyanide as developer, .'i method of estimating copper by the use of adsorption isotherm has been evolved. 
The method has been used to estimate copper in brass and bronze to an accuracy of 99%. 

Lange and Nadel (/. Elckirochcm., 1936, 42 , 210) and Schwab and co-vvorkers (Natur- 
ig37, 28 , 44 ; /. au^cw. Chem., 1937, 50 , 546, 691; 1938, 51 , 709) have made 
considerable contribution to the study of inorganic chromatography and laid down condi- 
tions under uhich chromatograiiis could he obtained. However, less attention has been 
j)aid till now to inorganic than to organic aspect of the subject on the quantitative side. 
Cook (I^cctuie on chioniatographic analysis, Institute of Chemistry of Great Britain and 
Ireland, 1941, p ?.g) diavvs alteiitioii to the promising Held of chromatogiaphic estimation 
of one ion from the dimensions of the chromatic zone and the value of this method in the 
analysis of steel and other alloys- Since this method is elegant and should prove useful 
in the rapid analysis of a large nuiiibei of alloys in any technical laboratory, investigations 
on the quantitative analysis of brass and bronze were undertaken by this. It could be 
seen from the experimental details, mentioned below, that great care has to be taken to 
gel absolutely sharp bands and uniform zones. 

E X P E R I M K N T a b 

PrelHiuliiou oj the AJsotbcnt — Alumina used in this investigation was prepared as 
follows: Pure potash alum (500 g.) was dissolved in water lo inake a saturated solution 
and strong aiiniionio added in small quantities, while the solution was kept stirred and 
warm. The precipitated alumina was taken up with a large quantity of distilled water, 
decanted and filtered. The precipitate w^as washed several times w’ith distilled water to 
remove the last traces of sulphates and ammonia, and dried at 120®. The dry alumina was 
powdered and sieved at 100 to 120 mesh; this sample was used as the adsorbent. 

Airangcmcnl of the Column. — The apparatus used was the simple one, similar to the 
one described by Tesvvett (Bci. Deni. hot. Gcs., 1906, 24 , 384) with or without suction. 
Schwab and co-workers (loc, cit.) filled the tube with a thick suspension of alumina and 
heated it to 70® to 80® lo make it air-free and to obtain a workable packing by alternate 
sharp suction and tapping. Trials likewise here proved not satisfactory to get sharp and 
well defined separation. The end of the chromatogram was not sharp but showed a saw- 
edged appearance. Further, on allowing the column to drain itself after washing wdth 
water it was found that small air bubbles still remained which, while wwking, slowly 
moved with the liquid passing through and produced diffuse extension of the chromato- 
gram at the walls of the tube- 

It has also been mentioned by the above workers that alumina shows good adsorption 
if moistened with a liquid of pa value of 9.4. In view of these the following procedure was 
adopted and was found to give sharp bands without any diffusion. 

Tubes (25 cm. long and proper width, as described and decided by the following 
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experiments) were filled with the prepared alitiiiina made into a paste with water pn 
of which was adjusted to 9.4 by the addition of a small quantity of ammonia. The Ph was 
noted by the addition of B.D.H. Universal indicator so that a portion of the water gave 
greenish blue colour with green piedominating. The tubes so filled were immeised in a 
tall jar of water of the same pu and kept overnight. It was found by this procedure 
that all the air-bubbles were slowly removed and there was complete elimination of 
non-uniform packing. The results were remarkably good in that there was absolutely no 
diffusion or saw-edged end of the baud. The tubes at the lower ends at the constriction 
contained a small piece of asbestos wool plug. 

The Choice of the Diameter and the Quantity of Solution to be Tested. — The prepared 
column was set up over a filter flask and a gentle suction applied. Jt was washed several 
times with water taking care that the top of the column there was always in water or 
solution and no air w'as sucked through the column. Measured amounts of M/ 200 solu- 
tion of copper nitrate were added gently by pouring it at the top. Gentle suction w’as 
applied ; it w^as washed five times with water. The chromatogram was developed by 2 c. c. 
of ammonium sulphide solution saturated with H2S. A ftw' pieliminary trials showed that 
copper nitrate I to 5 c. c. solution of strength M/200 and tubes of 0.7 cm. diameter 
gave suitable lengths of bands, wdiich were sharp and uniform. The results could be 
reproduced. 

The Choice of the Developer. — A solution of ammonium sulphide, saturated with 
hydrogen sulphide, w'as usually used by Schwab and others for corornatographing 
copper. The band is black in colour. For zinc the colour is yellow with the adsorption 
of ammonium sulphide. lixperiments were also tried with ])Otassium ferrocyanide as the 
developer ; copper gives the usual brown-red colour and zinc has no colour. The follow- 
ing table gives the observations on the develoimrent of the chromatogram of copper with 
these developers at different concentrations of the solutions of copper. 


Table 1 

Adsorbent: alumina, pure B.D.H. from stock. 
Quantity of the solutiou = i c.c. of copper nitrate. 
Cone, of the solii. Length of band. Remarks. 


iNH 4)3 S saturated with II„S as developei. 


M/25 

7.0 cm. 

M/50 

3.7 

Ml 100 

1.8 

M/200 

0.9 

Potassium ferrocyanide as d 

M/25 

7 0 cm. 

M/}o 

3.6 

M/ioo 

^•7 

M/200 

0*85 


Unifoim with a little diffusion at the end 
Uniform and better than previous one 
Good and sharp baud 
Good and very sharp band 


Goqd but not uniform 

The band better than with ammonium sulphide 
Sharp hand, good and no diffusion 

Beautiful brown band with a sharp line of demat 
cation between the vshite and the brown zones 


At lower concentration of the solution the adsorption was good. 

Next experiments were conducted by converting the copper solution into its complex 
with ammonia. The following table gives tKe data. 
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Table II 


The conditions arc the same as in Tabic I. 
C u pra 111 n ion i ii m com p 1 cx . 


Cone, 

Length of band. 

Remarks 

M/50 

8.0 cm. 


M / 100 

6.1 

Palo bint* band, uniform and ver> shai p. 

A// 200 


diffusion in all rases 

M//I00 

3.4 


M/800 

^ 4 



Having nov^ obtained the conditions foi obtaining the best cliroiiiatogram for the copper 
ion, the quantitative estimation of copper in the alloys was undertaken The adsorbent 
used in the estimation w^as the one prepared as described in the beginning of this paper. 

Estimation of Copper from (he Dimensions of the Cliromalo^rams. — Marlin and Synge 
iBiochem. 1941, 38 , 1358) in their studies on partition chromatography have compared 
the adsorption column to the fi actional distillation column and have derived expiessions for 
known concentrations of the substance adsorbed at every stage of the chromatogram. But 
in these cases of inorganic salts, the adsorption of the metallic 1011 is strong and irre- 
versible. The chromatograms could be made to be uniform throughout by carefully 
adjusting the conditions and working with dilute solutions. In dilute solution as the 
liquid descends, the cations are completely adsorbed at each layer and the band is uniform. 
Thus the process is not one of equlibrium at each stage. There is also absence of infor- 
mation in the case of adsorption chromatograms about the eftect of concentration on the 
adsorption coefficient, even if there be equilibrium. Hence, the safest guide available in 
all adsorption processes is the Fieundlich’s equation and it could be used to find a relation 
between the length of the adsorbed column and the quantity of the metal ion (here 
copper) . 

Thus, 

xlm = a 

where the symbols have the usual significance. 

Under uniform adsorption from dilute solutions, 

A/ni—v/Trr. h.d 

where 1 is the radius of the tube and h is the height of the chromatogram and d, the 
density of the adsorbent. 

For different concentrations Cj and €2^ 

where hi and //j correspond to the length of the chromatogram at and C'j respectively. 
For different values of C and h one can obtain values of n for each ion measured chroma* 
tographically with suitable dimensioned tubes. 

Thus, for copper with the alumina, prepared as mentioned above, with a lube of dia- 
meter of 0.7 cm. we get using 2 c. c. of the solution and developing with potassium 
ferrocyanide the following height of chromatograms. 
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Tabi.e 111 


CoiK . 

Height 0^ chromatogram. 


i/ii. 

ia) M/2.S 

1 S‘’‘ cm. 

— I 2^ between (d) and {a) 

ib) iV/so 

1-95 

-1.23 

„ (b) and (t) 

(c) M/ioo 

o.8o 

-1.2^ 

,, (M and (a) 

id) Ml 200 

“ 3 S 

“1 ^4 

, frjanduf) 


The constancy of the factor ijn hetvvecu difteieiil concentrations of copper nitrate 
solutioiivS shows that the above equation couid be applied to estimate metallic ions in 
solution. 

The equation applied to data jjresented in Table II with cnpiammoiiiiim complex gives a 
constant of -0.38. 

The above quantitative method devcloi)ed has beei' applied to tlie estimation of copi)ei 
in brass and bronze and the results compared with that obtained by iodimetne estimation 
of copper in the sune samples. 

Kstiniation oj C opper in Brass and Bioini . — Weighed quantities of less than a giam 
of the alloys were dissolved in concentrated mine acid and the solution was made up to 
200 c. c. The above solution (’ c. c.) was allowed to pass ihiough the adsorbent. The 
column was washed with distilled water fi\e times. The alumina used in these 
experiments was the one prepaied Irom alum as deseiibed previously. 

The developer used w^as potassium fcirocyanide. The ammoniuni sulidiide developer 
was not used since there was a tendency for slight diffusion at the Cu — Zn interface. A 
number of chromatograms was prepared. Ihe length ot the column in each was the 
same. The alloys used were standard ones supplied by FlcXt^ers and Garnett, 
Manchester, with certificate of analysis. The results arc tabulated below. 

Table IV 

Copper in brass and bronze 


Factor i/n = -1.23. 


Wt. of 
material. 

Height of column. 

Cu analy.sed Cu values given 

iodimetrically. by Suppliers. 

Cu estimated chroma' 
tographically. 



Brass I 


0.6580 g 

0 9670 

5-50 cm 

4. 2 D 

90.25% qo.00% 

50.0 1 so 00 

90.67% 

49 56 



Bron/e 2 


0.7162 

4.50 

70.15 70 00 

70.70 


The accuracy of 99%, as obtained above by this method, is fairly good for rapid 
analysis of a number of samples. Foi dilTerent cations the value of i/b under conditions 
of experiment has to be found out and used. 


Dhpartment of Technical Chemistry, 
College OF Engineering Guinov, Madras. 
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STUDIES ON VITAMIN-A IN SOLUTION. PART I. STABILITY 
By U. P. Basit and Sukiiamoy Biiaitachakya 

Stability of vitaiiiin-A in (hlierciil diluents lids been studit d both with and witliont the addition of 
antioxidaiitb. Unsaturatiun in dilutiit is not the sole cause of deterioration of vitamin -A molecule in 
solution. The antioxidant is found to exert a better effect in protecting the vitainin-.\ molecule when the 
system contains an estei (saturated 01 unsatuialed) oragl>ceiide In such case no difference has been 
noticed hetv^een the L'\o antioxidants, inctli> lh\ dn t|ninonc 01 propyl gallati Details of vitainin-A as'-ay 
have also been described 

• 

Prom economic .inc] (.oinmcrcial points of view the preparation of vilainin-A in suitable 
vegetable oil is now bein..^ advocated. The oil may, however, develop rancidity due to 
the formation of peroxides, and these peroxides would destroy the vitamin potency. 
This oxidation may be controlled to a considerable extent by the incorporation of some 
suitable antioxidant (Whipple, Oil & Soap, 1936, 13 231; Lowen ct al., Ind. Eng. 
CJicm-, 1937, 29 , 151; Basil, Ann. lUorhcni. E\p. Med., lyji, 1 , 165). The nature of the 
solvent would consideraldy play a role on the stability of the vitamin (cf. Basu, loc. citA- 
Sesame oil has been found by Sen (jupta (this Journal, 1946, 23 , 233) to destroy the 
vitainin-A potency of .shark liver oil icf. also Basu and Ray, .Sr/toirr (St* CTW/wrt', 1947, 
13,73) The stability ot vitamin-A in dilTeienl solvents and that again in presence of 
ditferent antioxidants in vaiying concenlralions have been studied and described in the 
present [lajier. I'he inode of oxidation has been discussed in Part II of this paper. 

The vitamin- A in the preparation was estimated by means of an Adam-Hilger's 
vitameter-A in the oil or ester solution after saponification, wdien the concentration was 
low (below 10, OCX) I. U. per g.y and when present in concentrated form or in liquid 
parallin, directly by dissolving m alcohol or in a mixture of ether and alcohol 
lespectivcly. Details of the methods of estimation are recoided in the experimental 
part. 


Iv X P K R 1 M li N T A h 

Materials . — The vitamin used was a vitamin A concentrate made by saponification 
containing 0.2 iiiillion LU. per g. 

The refined and deodorised arachis oil^ as obtained from the market, was further dried 
by shaking with freshly heated and cooled anliydious sodium sulphate and kept in a 
glass stoppcied bottle overnight, and filtered under suction through a dry Buchner. 
Liquid paraffin of B. P. specification was similarly dried and purified. Ethyl oleate and 
ethyl stearate were prepared in the laboratory and the fractions distilling between 196® 
and 206° under 7-8 mm. pressure in each case were collected and stored in glass stoppered 
bottles. Glyceryl inonolaurate was purchased from the market (Glyco Products Co. 
U.S.A,). The specification and the characteristic of the diluents are shown in Table i« 
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Tabi.e 1 

Chaiactcristics of solvents. 


Characlci isticb. 

Arat'hi.s oil. 

Ethyl oleate. 

Ethyl 

.stearate. 

niyceiv! monolaurate 
& 

liquid parafHn (1 ;i) . 

Acid value 

Nil 

Nil 

0.08 

502 

Sap. value 

185 

— 

180.0 

105 0 

Iodine value 

Rancidity 

92.8 

80.7 

I 05 

4 

(U. S. P. xiii) 

Nil 

~ 

— 

— 

Unsapoiiifiable niatter 

48% 

Nil 

— 

— 

Refractive index 

1 4634 / 4 (,'‘ 

1.4497/25" 

- 

I 4^99/25° 

Specific gravity 

0.9344 

0.8682/25* 


0.9526/25* 

Peroxide value 

— 

Passes n r.«test 

Nil 

Nil 


The antioxidants used uere inethylhydroquinone (in.p. 54-56®) and ;2-i)roi)yl gallatc 
(in.p. 146-48°) prepared in the laboratory. The concentrations used were 0*02% and 
0.05% in the former case and o 02, 0.05 and 0.1% in the latter. 

Aeration. — The vitaniin-A concentrate wascaiefully weighed into a special container 
and suitably diluted with different solvents. The diflFerent solutions weie then transferred 
to amber colored resistant glass bottles fitted with perforated corks that allowed intro- 
duction of glass tubings for aeration. Antioxidants were directly weighed into the 
aeration bottles; in case of liquid paraffin, propyl gallate had to be dissolved by addition 
of a few drops of peroxide-free ether. Usually 25 c.c. of the solutions were used for each 
experiment. The whole was set up in diffused light and air, purified and dried by 
passing through sulphuric acid and soda lime towei’, was passed (4 c.c. per second) thinigh 
the systems kept at the room temperature (28°-2Q®) in all cases except the preparation 
made with glyceryl monolaurate cum liquid paraffin (t:i) where the system was ke])t in a 
thermostat adjusted to 33° in order to maintain the preparation in the liciuid state. 

Estimation of Vitamin-A. — Before aeration the vitamin potency was estimated in 
each case, and then during aeration samples were taken out from the system at intervals 
for determination of vitamin- A. The whole procedure is described below^ 

Apparatus and Reagents.— CsiiQ was taken that the appliances used were absolutely 
free from any metallic or other impurities and w^ere specially reserved for this purpose. 
The stop-cocks of the separating funnel were not lubricated with ordinal y grease or any 
ether-soluble lubricant A starch-glycerin lubricant, as described by Herrington and 
vStarr (Ind. Fng. Chem., Anal Ed., 1942, 14 , 62) was found suitable. 

The sample (eg ai)prox.) was saponified for 15-20 minutes, llie nnsapoiiifiable 
matter was cxtiacied in the usual way wdtli peroxide-free ether and the eti er extract • 
was dried in nitropen atmosphere. The dried exiract was immediately taken up in 
aldehyde-free alcohol (12 c.c.) in case of pure* oil or ester and peroxide-free, dried 
ether (12 c.c.) in case where it was mixed up wdth liquid paraffin. The volume was 
made up to 25 c.c. in each case with absolute and aldehyde-free alcohol. In most cases 
this solution had to be diluted further to have the vitameter A reading within the range 
of 6 to 9. 

In case of pure liquid paraffin system, 0.2 to 0.5 g. of the sample was directly weighed 
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into a 25 c.c. volumetric flask, dissolved in ether and alcohol (1:1) mixture, diluted if 
necessary and the vitameter A reading was taken as usual. 

The potency of the vitamin-A (MI. per as recorded in various tables below was 
found out from the formula Xxi6oo/V, where X= vitameter A reading and Y = 
percentage strength of the sample taken in the vitameter cell. 

Liquid paraffin being insoluble in alcohol, the samples from this system were taken 
in ether-alcohol mixture and in order to find out that this cliange of solvent would 
not affect the vitameter A reading, control experiments were carried out with (i) pure 
alcohol, (2) puie ether, (^0 mixture of alcohol and ether fi: i) and (4) a solution con- 
taining 0.2 g. of liquid paraffin i)ci 25 c.c. of a similar mixture of alcohol and ether. 
I*rom the result in Table X it would be evident that the above change in the nature 
of the solvent did not affect the vitameter reading. 


Table II 

Arachis oil. 



Without aiitiovidant 

With o 05" , 

, piopvl gal late 

Aeratcil for. 




Vitaiiiid-A 

% Loss of 

Vilani:n-A 

%IjOSS of 


(I. l'./« ). 

vitnniin-A, 

(I tl./g). 

vitamin- A. 

0 

728 

0 

72S 

0 

5^ hrs. 


58.8 

— 

— 

(■)() ^ 

- 

— 

574 

21. 1 

100 

IQS 

73 -^ 

— 

— 

128 

— 

— 

534 

26.6 

149 

173 

76.2 

— 

— 

177 

— 

— 

500 

31-3 


Table III 

FJhyl oJcatc. 



Without 

antioxidant 

With ( 

> 05% prr)p>l gallate 

Aerated for. 

Vitamin-A 
(I U./g.) 

% Loss of 
vitainin-A. 

V i tain ill- 
(I. U 

A % Loss ol 

). vitamin- \ 

0 

71 ‘» 

0 

740 

0 

52 hrs. 

300 

59.5 

— 


66 

— 


591 

20.1 

94 

196 

73..S 

— 

- 

100 

— 

- 

530 

28.4 

149 

190 

74.3 

— 

— 

160 

— 

— 

510 

31 I 


3-1721P-9. 
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Table IV 


Ethyl stearate. 



Without 

antioxidant 

With 0 

.05% propvl gallate 

Aerated for. 

Vifamin-A 

% Loss of 

Vitamin- A 

% Loss of 


(I. U./g.). 

Vitaniin-A. 

a. u./g.). 

vitamin- A. 

0 

700 

0 

700 

0 

59 hrs. 

480 

31.4 

— 

— 

73 

— 

— 

661 

5 6 

100 

408 

41.7 

— 

— 

135 

— 

— 

555 

20.7 

156 

372 

46.9 

— 

— 

184 

— 

— 

182 

31. 1 


Table V 

Liquid paraffin. 



Without nnt 

ioxidant 

With 0 0 

S% propvl gallate 

Aerated for. 

Vitamin-A 

% Loss of 

Vi lam in-. A 

% Loss 


a. u./g.). 

V‘tamin-A. 

(I.U/g). 

vitamin*- 

0 

1100 

0 

noo 

0 

87 hr.s. 

5*2 

53.5 

658 

10 2 

142 

30.S 

72.3 

620 

43.7 

191 

222 

79.8 

610 

•1,1.6 



Table VI 




Liquid paraffin cum ethyl olcal 

e (i : i). 



Without aiitioxidant 

With 0.0 

5% prop\ 1 gallate 

.Aerated foi , 

Vitainin-.A 

% Loss of 

Vitamin-A 

% I^oss 


(I. U./g.). 

vitamin-A. 

(I. U./g.). 

vitamin- 

0 

7C0 

0 

700 

0 

70 hrs. 

203 

71 

— 

— 

77 

— 

— 

568 

18.Q 

155 

150 

78.6 

— 

— 

162 

— 

— 

47S 

32.1 

19^ 

^25 

82.1 

4 SO 

35.7 


Aerated for. 


43 hrs. 

63 

141 

148 

*77 

185 


Table VII 

Liquid paraffin cum ethyl sieaiatc (r : i). 

Without antioxidant With 0.05% propyl gallate 

Vitamin-A % Loss of ^ Vitamin-A % Loss of 

(1. U. /g.). vitamin-A. * (I. U./g.)* vitamin-A. 


650 

600 

349 

254 


o 

7.7 

46.3 

60.9* 


650 

627 

545 


o 

3.5 

16.3 

9A‘B 


489 
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Tablb VIII 

Liquid paraffin cum glyceryl monolaurale (i : i). 





Without antioxidant 

With 0 05% I’ropyl gallatc 

Aerated for. 

Vitamin-A % hoss sf 

(I. U./g ). vitaniiu-A. 

Vitaniiu-A 
(r. U/g.). 

% I4OSS of 

vitamin-A. 

o 



750 0 

750 

c 

59 hrs. 


00 

— 

— 

66 



— — 

7X2 

5-1 

lOO 



360 52.0 

— 

— 

io8 



— 

672 

10.4 

170 



23.S 68 7 

— 

— 

^77 



— — 

6t8 

13.6 

-’30 



213 71.6 

- 

— 

238 



— — 

617 

'7 7 




Tahlh; IX 




Arachis ( 

oii : l^ariation of proportions and nature of antioxidant. 


0.02% 

Monoiiicth} 1 
Iiydroiiuinonc. 

0,05% 

Moik iniet h) 1 0.02 % Pi op y 1 

hydroquitione. gallate 

^^.05% Propxl 
gallate. 

0.1% Propyl 
gallate 

Aei a ted 
for. 

9 

Ci 

% Loss of 
vitamm-A. 

Vitamin-A 
(I. r g-). 

% Loss of 
vitamin-A. 

Vitamin-A 
(I. U. g.). 

% Loss of 
vitamin-A. 

.9 fci) G 

3 § 

> ti 

Vitamin-A 
(I.U. g.). 

% Loss of 
vitamin-A. 

0 

900 

0 

900 0 900 0 

900 0 

900 0 

hi'b. 

760 

15.6 

75) 16.2 732 18.7 

780 13.3 

765 iS-o 

90 

520 

42.2 

512 'IJ-i 503 '1<)-J 

515 ^12.8 

525 41.7 

ISO 

468 

48.0 

475 47-3 472 17-6 

185 ^6.1 

490 45-6 




Table X 






Effect of solvent in vitametcr reading. 


No. 



Desciiption 

Vitanieter reading 

1 



Cell with pure alcohol 


O.I 

2 



II II »i ether 


o.i 

3 



,, ,, alcohol-ether (i : i) 


0.1 

4 

• 


,, ,, „ containiiig o.a g. liquid paraffin 

o.t 


vitamin-A. 
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Discussion 

From the Tables II and III it would be noticed that the rate of loss of potency 
of vitamin-A on aeration, both in presence and in absence of antioxidant, is almost the 
same in case of a natural glyceride (arachis oil) or an artificial ester made from an 
unsaturated acid (ethyl oleate). In case of an ester from a saturated fatty acid (ethyl 
stearate), the loss in absence of an antioxidant is somewhat less (Table IV) showing 
thereby that the unsaturation of the diluent plays a part in the deterioration of vitamin-A 
in absence of antioxidant. When the antioxidant is present, the rate is, however, 
comparable to those of the former two cases. From the data in Table V it appears 
that the above loss in potency is not due to the onset of oxidation in the fat molecule 
alone, since in the case of liquid paraffin, a saturated system, the vitamin undergoes more 
deterioration. That an ester molecule in presence of an antioxidant seems to play a 
role in inhibiting the oxidation is again evident fiom the results of experiments as 
carried out with the systems liquid paraffin containing ethyl stearate (Table VII), 
glyceryl monolauratc (Table VIII) and ethyl oleate (Table VI). From Table V, 
it may be noticed that the antioxidant also inhibits the oxidation of the vitamin molecule 
even when present in liquid paraffin system (cf. Basu and Bhattacharya, Science & 
Culture, 1949, 14 , 481). 

The observations, as recorded in Table IX, indicate that in the systems studied 
melhylhydroquinone behaves in the same way as propyl gallatc and theie is no significant 
difference in the antioxigenic function when the concentration is changed from 0.02 to 
0.1%. The studies made with the liquid pat aflin system (Table V) tend to show that 
the deterioration of vitamin-A is due to the changes in the vitamin-A molecule, and 
this deterioration is inhibited to a considerable extent w In-ii an ester molecule with an 
antioxidant is present. It is apparent thereforq that the unsaturation in the diluent 
in any vitamin-A preparation, as discussed previously by Basu (cf. .Inn. Biochem. Exp. 
Med., 1941, 1 , 165), is not the only cause of deterioration of the vitamin. On the 
contrary, vitamiu-A in presence of an antioxidant is being found to be more stable on 
aeration in an unsaturated glyceride or an ester system than in a liquid paraffin system. 
Further, from the fact that vitamin-A potency is maintained to the same degree in the 
saturated or unsaturated glyceride or ester system in presence of an antioxidant, the 
question arises whether the glyceride (natural or artificial) as well as the ester molecule 
plays a role in helping the antioxidant in inhibiting the onset of oxidation in the 
vitamin-A molecule. Further work is m progress. 

Dhnoal Immunity Rs-si arch Institutu, Rceeived June 29, 1949. 

CAJ.CUTXA. 
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DURAIillvlTY OF SODA— UMF— S1I.ICATK GI.ASSUS. FART IV 
By Amai,kndra Chowdhury and H. N. Das-Gupta 

A detailed study of the pheiiJinciun of the teiidesn-y of the H;S()4 value of glass p )wdcr to give 
lower H2SO4 value after a few determinations on exposure has been made The successive residual H2SO4 
values of chilled glass is found to he distinctly higher than the corresponding values for the same 
glasses afeer annealing. 

In part I of this .senes of papers it was pointed out that if the glass powder, left 
after the determination of sulphuric acid value, be kejjt exposed to atmosphere under 
moist conditiou, it again gave sulphuric acid value of a lowet magnitude (this Journal, 
1947, 24, 477.1. Again, in connection with our study of the effect of annealing on 
chemical durability of glass, it has been found that the above tendency is also more or 
less pronounced, depending, however, upon the thickness of the glass mass and the 
total surface exposed by it (Sen, Cbowdhury and Das-Gupta, ibid., 1949, 26, 353, 379). 
The present paper embraces a detailed study of the above observed phenomenon. 

From the experimental portion it will be evident that .soda-lime-silicate glass, 
whether chilled or annealed, when subjected successively to powder test 'Peddle, J. Soc. 
Glass Tech., 1920, 4, 3, 299), after intervals of 24 hours each, gives sulphuric acid 
values of descending magnitude and ui> to a restricted number of limes. In order to 
avoid confusion, these values have been designated as residual sulphuric acid values. 
C)n an average, nine or leu such treatments arc necessary, when the last residual 
sulphuric acid value becomes almost zero. From a comparative study, it is found that 
the successive residual sulphuric acid values of chilled glasses are distinctly higher than 
the corresponding values for the same glasses after annealing (Tabic III). 

The effect of successive heat treatments on soda-liiiie-silicalc glass is also inter- 
esting. Thus, the annealed glass powder, which ceases to give residual sulphuric acid 
value, if it be again subjected to annealing temperature for a specified time and then cooled 
slowly, it gives a scries of residual sulphuiic acid values. If this be repeated a number 
of times, different series of residual sulphuric acid values are obtained (Table TV). In 
each case, however, the annealing was done at 500' for five hours. 

Experimental 

In order to get measures in respect of successive residual sulphuric acid values, two 
different series of ‘ like ' glasses were prepared. These glasses were founded and plained 
as usual in Morgan crucibles. lu each case the glass was chilled rapidly so as to avoid 
the favourable effect of slow cooling. Table I shows the purity of the ingredients 
used, and Table II, the % composition of the batch mixtures. Each specimen was 
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subjected to ])owder test ^nd the residual powder was allov(red to remain moist and 
exposed to atmosphere in a glass case for 24 hours. This was again heated with dis- 
tilled water fioocc.) at 80° for an hour The liquid was then filtered and the residue 
thoroughly washed with distilled water, the runnings being added to the filtrate. 
The filtrate was titiated, as usual, with sulphuric acid and the residual glass was again 
kept exposed to atmosphere under identical conditions for 24 hours. The exposed product 
was next tieated with water as above Operations like alternate exposure and water 
digestion were repeated a nunibci of times, till the powders ceased to give any 
lesidual sulphuric acid value These results have been included in Table Hi. 


Table I 


Material. 

SiOi 

i 


CaO. 

MgO Na2('03, 

NaCl, etc . Loss 

Sand 

98 i)% 

0 2% 

0.2% 

Slight 

Sliglit 

0.5% 






trace 

trace 


Lime 

3 1 

09 


2 I 

"'5 3% 

0 2% 

... 

Soda a&h 






Slight 

Slight y6 8 

Slight 3 I 






trace 

trace 






Table 11 








P e 1 c c 

11 t a g c L 0 in p 

u s i t i 0 n 

Series 

IlUcIi No 










S1O2 

Na^O 

CaO 

A 


1 



73 

15 

12 

C 


17 



74 

16 

lU 





Tabi-h hi 





Duration 

(in days) after vcluLh the residual 1128^)4 values dcteriiiined 

hatch Condition 

No. of glass. 

vS.A.V 

I 

2 

3 

4 5 

678 

9 10 II 12 


Chilled 

279.8 

118.5 

99.6 

72 

44 4 32.7 

21 6 ii.h 7 9 

23 08 Nil Nil 

Annealed 

235 

1 x 6 

60 5 

41.6 

35-3 IS I 

12 6 b 2 4.1 

0 5 Nil Nil Nil 

Chilled 

s82 

175.I 

81.4 

69.3 

5L9 40 3 

31.1 185 1^7 

gfi 2.7 09 Nil 

n 








Annealed 

506 

167*3 

72 6 

56.4 

42.3 34*3 

26 2 16.1 10.3 

3 5 1.2 Nil Nil 

It is thus 

evident 

fiom 

Table III that in each case, the tendency towards giving 

residual sulphuric acid value ceases 

after 

the lapse 

of Ti days. 

Prolonged exposure 


does not exert any opposite effect. This was tested with two samples^ (No. annealed 
and No. 17, chilled), obtained on the 12th day. Each was exposed moist for a further 
period of one month. No positive result could be obtained in any case. 
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In order to follow the effect of repeated heat treatments on glass, the residual 
powder (batch No. 17, annealed), obtained on the lath day, was again annealed at 
500° for 5 hours. The annealed mass was subjected, as before, to powder test for a 
number of successive days, till the residual pulplutric acid value was nil. In each case 
the interval between any two experiments were exactly 74 hours. The powder was 
again annealed and the determination of residual sulphuric acid value was continued. 
This was continued for 2 months and the results have been incorporated in TableTV. 


Table IV 


Duration 

Rc'iidii.'il 

Dm at inn 

Besidual 

Duration 

Residual 

(days) . 

S. A. V. 

(days) 

S. A V. 

(davs). 

> 

< 

13 

* 

2 () 

2.1 

IS 

• 

14 

127 


t 

4 ^> 

28.2 

15 

22.1 

31 

4R.4 

47 

6.05 

t6 

iS.T 

32 

22,1 

48 

Nil 

17 


33 

T 2 .I 

40 


18 

Nil 

31 

Nil 


28.2 

19 

* 

1=^ 

t 

51 

4.2 


M-4 

3 ^^ 

34-2 

52 

Nil 

2 T 

24.2 

37 

24.2 

53 

•1. 

22 

18. 1 

3 ^ 

12. 1 

54 

t6.i 

2.1 

16.1 

30 

3.2 

55 

6.05 

2 d 

4 *f ^3 

40 

Nil 

56 

Nil 

2.S 

* 

41 

» 


* 

26 

76.7 

42 

40.3 

5 « 

16.1 

27 

28.2 

43 

lO.OI 

59 

7.2 

28 

14.2 

44 

5.0 

60 

Nil 


Indicates nnnesli 

ng. S. A.V. 

indicates sulphuric 

acid value. 



Discussion 

It is a fact that a chilled glass shows a distinctly lower resistivity than the same 
glass after annealing. It is considered that this increased durability is due to a structural 
change, which brings about strengthening of the bond between the alkali ion and the 
anionic network (Williams and Weyl, Glass Ind,, i 945 > 26 , 275 » 325)- From our findings, 
however, we cannot subscribe entirely to the above views. For, if .annealing were 
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responsible for strengthening tlie forces which hold the alkali ions in glass, no residual 
sulphuric acid values should have been obtained. Secondly, there can hardly be any 
justification for the development of successive lesidual sulphuric acid values, when the 
glass is subjected to repeated heat treatments within the annealing temperature range. 
The problem becomes more complicated when it is found that there is an appreciable 
difference, in respect of durability, between the lump and the powdered glass from the 
same melt, although both may be annealed simultaneously under identical conditions. 
In the former case the sulphuric acid value is appreciably lower than that of the latter 
(Sen, Chowdhury and Das-Gupta, Part III, loc. cit.). 

The tendency towards increased concentration of alkali at the surface is uniformly 
more with the powdered glass, and from Table IV, it will be clcai that annealing tends 
to increase this tendency. This, conclusion, then, is just the opposite of what has been 
stated above. It appears therefore that there are some other factors re.sponsible for 
this different behaviour. It is proposed to put forwaid our views after we have collected 
further data in this line. 

Department of Applifd Chemistry, 

Univfrsity Colleof of Science & 

Tfchnoloc.y, Calcutta Received May 23, 1049. 

AND 

Departmfnt of CnrMi.sTRY, l-'urLb 
& Metallukoy, 

Indian School of Minis & 

Applii d Geology, DHANnAn. 
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ACYL KETENKS AND THEIR POLYMERISATION 
By M. M. Mahai.a and vS. S. Deshapande 

Reactions expected to give 2 :4-diacylf>/f/obiitaiie-j :3-dion ( 1 ) gave actually conipcunds of the cla«js of 
dehydracetic acid HI). It is sugf^ested that transformation of (T) into ( 11 ) takes place through acyl 
ketene as an intermediate. 

By allowiiift ketene to polymerise at low temperature Chick and Willsmore (y. Clieni, 
Soc,, 1908, 93 , 946) obtained a brown solid and a ikpiid in poor yield. The lattei on 
fractionation boiled at i25°-i27° and was found to consist of a compound C4H4O2 
(M. W. S4) which, from its properties, was regarded by them to be acetylketene ( 1 ) 

2 CH, = C = C) -> CH., -CO— CH=C ==0 
(I) 

The isomeric /^)butane-T :3-d|on structure (II) was not preferred on giound of 
physical proi)crtics and of the fad that with phenylhydrazine the product obtained was 
plienylhydra/ino-phenylhydra/idc (III) instead of the diphenylhydra/.one of the dike- 
tone (il). 

CO 

/CH, 

CO 
(ID 

Slaiidinser and Bereza r., I'r^og, 42 , 4no8i from the study of a disubstituted 
ketene, which they were investifiatiiiR and which according to them polymerised to the 
corresponding ryc/obutane-i :3-dion, suggested that Chick and Willsmore s acetyl 
ketene’ was really fyf/obutane-i:3-dion (ID. The acetyketenc structure was according 
to them further untenable on the ground that the compound, unlike ketene, was stable 
and did not add alcohol. 

Chick and Willsmore {]. Chem. Soc., 1910, 97 , 1978) in reply pointed out that in 
presence of a trace of mineral acid their compound gradually added alcohol and formed 
acetoacetic ester and that on prolonged standing in presence of alcohol, dehydracetic 
acid (IVl was the final product. 

/CO\ 

Me-CO-CH CH 

CO C— Me 

\ / 

O 

:tv 


CH.,— C CIL- 

II 

N— NHPh 


CO 

I 

NH— NHPh 


(HD 


4— i/aiP— 9 
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Since, however, the compound added bromine to form y-bromoacetoacetyl bromide 
(V) and not the a-bromo compound (VI) 


Ct) y 

H,C<^ /^Hj + Dr, 
CO 


yCUBr 

XO— CHaBr 
(V) 


CH.—C'O— CH = C =0 + Bri: -» CH,— CO— CHBi— COBr 

(VI) 


they modified their original view and acceiited Staudiiiger and Bereza’s r,\r/()butane-i:3- 
dlon structure for their compound. They admitted that ‘*lhe true acetylketcne has 
therefore yet to be discovered, and when discovered it will resemble ryf/obutaue-i:3- 
dion in its reactions/' 

Billore, Nigain, Kaushal and Deshapande ^this Journal, 1046, 23 , 19) attempted the 
synthesis of 2:4-diacetyo'c/obuiane-T:3 dion iVlII) by treating copper salt of cliacetyl- 
acetone (VTI) with carbonyl chloride in benzene 


Cu acetate 

Me— CO— CH — CO— CH j— Ct )— Me v Me- C( 

(VII) 


/CO. 
:o— CH\,. ^ 


^CH CO- Me 


Cu 
I COCl, 


Me— C( )— CH< X'H— C( )~ Me 

Vo' 

'VIII ) 

They obtained, however, a product which from its properties and analysis was 
identified by them as dehydracetic acid {IV ). They suggested that on account of the 
uustability of the structure (VIII) (cf. Ingold, /. Chem. Soc., 1921, 119 , 305) fission took 
place into two molecules of acetylketene (1) which then rtcombined to form the more 
stable six-ring structure of dehydracetic acid. 


Me— CO— CH. 


(VIII) 


CO 


CO 


>CH-CO— Me 


OC CO 

Me— CO~CH CH Me— CO--CH CH 

II + I — I II 

CO C— Me CO C-Me 

\/ 


(I) 


(V 


I IV I 


o 


The pretiont work was undertaken to see whether more instances of this kind of 
transformation could be collected. 

When the copper salt of dipropionyl acetone (IX, R=Et) (Desbapandc, Dingankar 
and Kokil, this Journal, 1934, 10 , 595) was treated in benzene suspension with carbonyl 
chloride, di^lved in benzene, the sole product of the reaction was identified as dehydro- 
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propionylacetic acid (X, R»»Kt) (Pecliniann and Neger, Annalcn, 1893, 278, 86 ; Desha- 
pande, this Journal, 1932, 8, 303) 

CO 

R- CO— CH — CO— CH,— CO- U R— C( )— HC^^CH 

dc C— R 

\o/ 

(X) 

The coppei salt of di-n-butyrylacetoiie (IX, R = CaH7) (Deshapaude, Diiigaiikar and 
Kokil, loc. cii.) under similar conditions gave dehydrobutyrylacetic acid (X, R = 
CaHj) (Deshapaude, loc- cit.). 

It seems from the cases so far studied that when a reaction is expected to yield 
2 : 4-diacylfyclobutaue-i : 3-dion, the compound actually formed belongs to the class 
of dehydracetic acid. The intermediate formation of an acylketene and its polymerisa- 
tion to more stable six-ring structure is the mechanism suggested. The replacement 
of acyl by alkyl groups in 2 : 4-positions of cyc'/obutane-i ; 3-dion precludes the 
possibility of transformation of four-ring into six-ring in the manner suggested above. 
Thus, 2 : 4-diiiiethylcyc/i)butaiie-i ; 3-dion, obtained by decarboxylation of the 4-carboxylic 
acid (Schroter, Ber., 1907, 40 , 1607), is quite stable. 

Experimental 

Copper Salt of Dipropionylacetone, — Dipropionylacetone (piepared from 2 : 6-diethyl- 
4-pyrone by fission with barium hydroxide followed by acidification) was dissolved in 
alcohol. Cold saturated solution of sodium acetate and copper acetate was added to 
it when the green copper salt was precipitated wliich was w’ashed free of copper acetate 
and was dried at 100", yield almost the theoretical. 

Reaction with Catbonyi Chloride —To the suspension of the dry copper salt (5.7 g., 

1 mol.) in dry benzene (30 c.c.) was added, under cooling, a solution of carbonyl chloride 
(2.6 g., I mol., liquefied ato®), dissolved in benzene (18 c.c.). The reaction mixture 
was kept at o'* for 5 hours with occasional shaking ; it was then allowed to remain at 
room temperature for five days for the reaction to complete. The deep brown benzene 
layer was filtered off from copper chloride, washed w’ith water, dried and the solvent 
allowed to evaporate. The crystalline mass obtained was recrystallised from aqueous 
alcohol in needles, m.p. 71° (mixed m.p. with an authentic specimen of dehydro- 
propionylacetic acid, prepared from dehydropropionylacetocarboxylic acid, 71® ; Pechmann 
and Neger, loc, cit.)y yield 2.5 g. 

The copper salt of di-n-butyrylacetone was prepared from the ketone and was 
treated with carbonyl chloride in the same manner as the copper salt of the lower homo- 
logue. The copper salt (7.5 g.) and carbonyl chloride (2.9 g.) were used. The red 
benzene layer after completion of the reaction was filtered from copper chloride, washed 
with water and extracted with caustic soda. On acidifying the aqueous layer, a liquid 
separated which was extracted with ether. On washing and drying the ^thereat extract 
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and removing the solvent, a liquid with acid reactions remained ^yield3g.). Aftci 
cooling by ice the liquid solidified. The solid, freed fiom little adhering liquid by draining, 
melted at 16" (dehydiobutyrylacetic acid freezes at 16®). As mixed melting point 
observations at such low temperature are not convincing, confiimation of the identity 
of the acid with deliydrobutyrylacetic acid was obtained by determination of its equiva* 
lent weight. (Found : Kquiv., 227 CiJliA lequiies equiv , 224). 

Chemicai Laboratokiis, liiiu 7, 1949. 

Agka CoLiKc.i, A(.ra 
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SIR PRAFULLA CHANDRA RAY 
:\IE1VI()RIAL LECTURH ’^ 

Bv Biiman Biinui Dky 

I consider it a great privilege to l^e Invited to deliver the Sir Prafulla Chandra 
Ray Memorial I^ecture this year, and my best thanks arc due to the Council ot the 
Indian Chemical Society for this honoui. 

Five years have 1 oiled away since the great savant left this world, full of years 
and honours. To many of you of the younger generation to-day, he is perhaps only 
a slowly fading memory, but to those of us who had the privilege of intimate associa- 
tion with him in the early formative years of our lives, he would never cease to be 
our Guru and preceptor, for, in our innermost thoughts and actions even now, 
particularly when we are in doubts or difficulties, our minds turn unconsciously to 
him, thinking of how our Professor would have reacted to such and such situations 
in life, and in many an emergency we still seek light and guidance from him. 

It was ill July tqo6, more than 43 years ago, that 1 had the first 0]>porliinity of 
coming into contact with Professor P. C. Ray, sitting at his feet as one of his pupils 
in the third year B.Sc, classes of the Presidency College, Calcutta, under the old regula- 
tions of the Calcutta University. To us, freshmen, in those early days of oui career, 
everything in the College seemed to be awe-inspiring ; from the imposing buildings, 
the wide staircases and corridors, the large laboratories in the ninennost recesses of 
which some wizard, we were told, was trying to change coi>pcr into gold, or another 
trying to prove that plants had the same feelings and impulses of pleasure and pain, 
of joy and sorrow, and responded to stimuli in the same way as animals, to tlie elegant 
lecture theatres, and libraries, and, last but not the least, the dignified Professors who 
seemed to walk at a great height and distance from us. But, in a short time I was aware of 
a feeling — and this was perhaps the experience of many of my fellow students that 
there was at least one of them who had come closei and established a sort of personal 
contact with me, and this w'as no other than the Piofessor of Chemistry. This was the 
unique characteristic of Professor P.C. Ray — he never ke|)l his students at a distance, 
but admitted them very soon into the intimacy of his Ihouglits and even of friendship. 
His lectures were never laboured, nor did he seek to make them erudite, but they were 
always punctuated with good experimental demonstrations, and his simple talk was 
full of homilies and illustrations from life, intended to drive home to us, beginners, 
the clenienlary laws of chemistry— the laws of chemical combination, decomposition, 
etc. On some days, while di-scussing a topic in chemistry, he would suddenly make 
a digression to some of the social evils which were raiiipanl in our society— they were 
probably rankling in his mind all the time, he having conic across repoi Is of a particu- 
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larly bad case in Ihe morning papers that day — the evils of the caste system, of untou- 
cliability, of early mairiages of immature youths and maidens, of systems of extorting 
dowries from the poor parents of girls, and so on. He would warm up while 
speaking on what he called blots on our society and make apt quotations often 
full of satire, bearing on these problems from the poems of Tagore and other 
Bengali writers of the day. Our lecture in chemistry on that day would end with a 
sermon preached with eloquence, grace and humour for the benefit of his intimate 
circle of students, on whom, howevei, it never failed to create a deep and abiding 
impression. This was the essence of his philosophy as a teacher : He did not consider 
himself bound by the foin wails of chemistry but like all true Gurus, he regarded 
his pupils as his children and liis most intimate friends, entitled to share not merely 
his knowledge of the science of chemistry but his innermost thoughts and feelings on 
the burning problems of life as well. Gn other days again, he would be full of 
enthusiasm on a subject of research, which was immediately engaging his attention : 
it did not foim a part of our course or curriculum, but syllabuses or curriculi did not 
trouble him, nor deter him from unfolding before our enraptured ga/e some of the secret 
methods of his researches. One such day I vividly remember : the roils of the students 
attending the lecture had iust l^een called as usual, by liis assistant, when Professor 
Ray stepped into the class and shook before our eyes a small bottle containing what 
seemed to be some pale yellow crystals. With his inimitable jump of delight, he 
drew our attention to what he said was a new substance which lie had been seeking for 
sometime, and which he had )ust tlieii succeeded in preparing. He called it Silvcr- 
Mercuroso-Mcrcuiic-Nitrate, exiilaining to ws the method of its jireparation and 
immediately pioceeding to demonstrate the pre.seiice in the salt of the different .silver, 
mercurous, mercuric and nitiate ions. These vvcic some of the special features of 
Sir Prafulla's lectures to his junioi classes. He drew the hearts ol llie hoys out 
to him, which was f undoubtedly the reason w’hy they never found a moment of their 
hour with him dull or uninteresting. 

As I look back upon those days of our studies at the Presidency College, Calcutta, 
with Dr. Jagadish Bose as the ])rc.siding genius of the Physics Deparlnieiil and Dr. 
Prafulla Ray, the presiding genius in Chemistry, memories of the past rush into niy 
mind and I have a feeling- -the iircscnt generation of .students wdll, 1 ho[)e, forgive 
me for cherishing this pride of contemporary times, a feeling that we had the good 
fortune of studying in that gieat Institution when it w^as at the i>iiinacle of its fame and 
glory. It was during our post-graduate .studie.s, however, fioni 1908 to 1910 that we w^ere 
thrown into the most intimate contact with our Professor. We were privileged to 
watch at close quarters the research experiments carried out by him and liis assistants, 
and some of us w^cre even permitted, particularly during holidays, to assist him 
in these lesearches. It was at this time that some of us w^erc in the habit of 
visiting him occasionally in the evenings. Many wxn'e the delightful hours which 
we spent with him in conversations of absorbing interest in his austere little bedroom 
in the Bengal Chemical and Pharmaceutical Works office at qt. Upper Circular Road, 
Calcutta, where he resided in those days. On these occasions he w^ould talk without 
reserve and tell us the fascinating story of his rich experiences in life, of his hopes and 
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fears, his joys and sorrows, of the uuinerons problems — educational and social, political 
and industrial — facing the people, and his high hopes about solving them with 
the help of his young students, whom he considered to be the spearhead of all progress 
in the country. The memory of those days, of the joyous aspirations and bright 
hopes raised in our young minds, can never be effaced or dimmed. 

I do not wish to speak in detail on the various topics of researches in which 
Professor Ray had been engaged during his long career as a Professor of Chemistry. 
His researches on nitriles, i)arliculnrly those of mercury, are now common knoxt’ledge 
and form the subject of text-books in chemistry. These researches covered rouglily 
the period of two decades from i8q 2 to igi 2 . Many were the publications which 
found tlieii way during lliis ]>criod from the chemical laboratories of the Presidency 
College to the Scientific journals of Uuroiie and attiacted the notice of such well known 
workers as Ramsay, Roscoe, Divers, Veley and olliers. Prom the elusive and unstable 
ammonium nitrite, which Piofessor Rav first piepared in the pure state, subliming 
the crystals in a vacuum and showing that the vapour had normal density, it was 
but the next step for him to [iroceed to prepare and study the stabilities of the alkyl 
ammonium nitrites, which were obtained by the iloiible decomposition of alkyl amine 
hydrochlorides and silver nitrite in cold a(|neous solution. It is very i)leasanL to 
recall the fact that iny first ai)prenticeshi]> at research under Sir Prafulla Chandra 
Ray began in igio on the prejiaration and thermal deconiposilion in a Slireiigel vaciuiin 
of tetranietliyl amniOiiiiun nitrite and lelramelhyl ammonium hyponilritc. I would 
like to digless a little at this ixnnl from the main theme ot tliis lecture and relate 
to you an incident of our early extierieiice in the preparation of the starting material 
lor this rescaicli — an incident which iiuglu almost have ended in a disaster. Tetra- 
nicthyl aiiinioiiiiuii nitrile re(iuired the i)rei>aralion in the first instance of tetramethyl 
ammonium iodide, for wdiicli the only known method w^as the old Hofmann reaction 
bctw’eeii methyl iodide and liquor anmionia by heating iindei i)reSvSure in sealed tubes 
at steam temiieratures. Our fust experiment was entirely successful, although we 
were unaware of it, and, on oi)eiiing the lubes, crystals were found to liave separated 
from the cold liquid, shining like jewels. According to literature, however, these 
crystals were supposed to be mainly those of ammonium iodide and hence to be neglec- 
ted, the tetramethyl amnioiiium sail being obtained only from the filtered liquid 
after boiling with potasli to liberate \he free triniethyl, dimethyl and methyl amines 
from their combinations with hydriodic acid, and then concentrating the liquid. 
I need hardly say that this procedure never yielded the material, and our repeated 
failures to obtain the desired compound led one day to a disastrous explosion 
in the laboiatory, the loud report of which w'as heaid throughout the building; 
the water-bath in which the scaled tubes were being healed had run dry while 
we were attending a lecture, and this led to the shattering explosion. The unfortunaie 
accident drew on our heads the wrath and censure of the whole of the laboratory 
staff, of whom the chief and the most feared but respected member was the 
late Prof. Chandrabhushan Bhaduri. Fortunately for us this accident led eventually to 
the detection of our error in rejecting as ammonium iodide what was really slightly 
impure tetramethyl ammonium iodide which was later obtained pure after one or tw'o 
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crystallisations from water. The interaction of this iodide with silver nitrite and silver 
hyponitrite in warm aqueous solutions gave the desired quaternary ammonium nitrite 
and hyponitrite. 

It is with feelings of deep gratitude that I recall the great encouragement and help 
which 1 received from the Professor in my first attempt at independent research which was 
also on the subject of nitrites, viz., the interaction of hydrazine salts with nitrites, in 
which I had the valued collaboration of my late lamented friend, Dr. H, K. Sen. It 
may be of interest to my picsent audience to know that one of the methods for estimation 
of nitrites, which wa.s veiy dear to our Profe.^sor, involved the use of the Crum Nitro- 
meter, which used to be a most potent weapon in his hands in the luosecution of these 
researches. The nitrometer consisted of a graduated tul^e open at one end and with a 
stoi)-cock and a cup at the other end This was filled with mercury and inverted in a 
trough of mercury, with the cup at the top The solution of tlie nitiite (definite volume) 
was put into the CUD and gradually intioduced by opening the stop-cock caiefiilly and 
finally washing it in with distilled water. A few drop^ of strong sulphuric acid were 
introduced fi oil] the bottom of the tube undei the mercury trough when NO was given 
off which collected at the loi) of the nitrometer and its volume read off and corrected to 
N.T.P. It gave the most accurate lesults in our estimations of nitrites and w'as veiy 
frequently used liy Professor Ray in his lesearches. The results of our work w^erc pub- 
lished in the Zeilschrift fui anorganisclie Chemie of Apiil, jqtt, and was leviewed in the 
Annual Reports on the Piogiess of Cliemistiy of that yeai . In August igii I sailed for 
England for studies in research in Oiganic Chemistry in the* laboratories of the Imperial 
College — Royal College of Science, London, and the follow ing summer (June, 191:2) 
Professor Ray came to London as a delegate from the Calcutta University to the Empite 
Universities Conference, held in London that year. I might mention here an incident 
which illustrates iK-tter than anything else the sort of lelationship which Professoi Ray 
had with his impils. 1 had no definite infoimation about the dale when Professor Ray 
was expected to arrive in London, 01 about the jilace wiiere he was going to stay, but 
one day, early in June, as I w'as working in the morning in the laboratory, the laboratory- 
boy came to me with a card which I found to be that of Prof. P. C. Ray, saying that the 
gentleman was waiting outside. Professor Ray had ridden straight from the 
Victoria station to the Imperial College, kiiow’iiig as it by instinct where lie W'ould get 
immediate help and relief, and he asked, nay, ordered me to take him straight to my 
lodgings ! 1 mention this incident only to show' the great love and trust which existed 
between Sir P. C. Ray and his pupils — a trust, wdiich is so rare to find now-a-day.'i. 
Then began a pel iod of intimacy as between a gum i\nQ\ a shishya, wfiieii I had the 
privilege of acting as his friend and guide, escorting him to the various places which he 
wanted to visit and to the mcclings which he had to attend, of acting as his amanuensis, 
and drafting his various letters and even nursing him at times when he became indis- 
posed. I believe he addressed two Thursday evening meetings of the London Chemical 
Society on the subject of his researches on the *'amine nitrites’* which were specially 
attended by Professors Veley and Ramsay ; the latter give him aif ovfition at the end 
of his discourse, saying that Dr. Ray had almost singlehanded kept the toich of Science 
burning in that ancient land which was carried with acclamation by all the members 
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present. Our summer of igi2 in lyondon was a memorable one, full of the happiest 
memories. Not only were there a number of distinguished personages from India, like 
Ookhalc and others, whom we had opportunities of meeting quite often, but there was also 
our beloved poet Rabindranath Tagore, who came with his son and daughler-in-law and 
took up his residence in Alfred Place in South Kensington, very close to our club at 21, 
Cromwell Road. There w’as hardly a day wilhout lectures, evening soirees, meetings 
and at-homes of some kind or other, and w’e the students threw ourselves whole- 
heartedly into the general excitement of the festivities to the delrinieiit, perhaps, of our 
real work and studies. 

It was my proud privilege lo step into the shoes of Prof. P. C. Ray at the Presi- 
dency College, Calcutta on my retinn from England, when at the beginning of Novem- 
ber, 1916, Professor Ray look a year’s leave, preparatory to retirement, and joined the 
College of vScience as the Palit Professor of Chemistry at the earnest rccpiest of the then 
Vice-Chancellor, the late vSir Asutosli IMookerjee. In those early days of severance of his 
connection wdth the Presidency College, Professor Ray’s heart still remained in his old 
College, and on many an occasion, he would pay surpi ise visits to my laboratory and 
ask lo be allow^ed to lake up a i>ari of my hour with the snidenls to address them. 

The Majynuin Ojui.s of v^ir P. C. Ray’s w'ork may perhaps be considered to be the 
history of Hindu Chemistry on wliich he laboured for years with the help of several 
Sanskrit Pandits of Calcutta. It was pul)lishe<l in two volumes, volume the first in 
1902 and volume the second in i()o8. A good portion of Volume II is taken up by a 
contribution on the positive sciences of the Ancient Hindus from the pen of the late Sir 
Brajcndranath Seal who w’as then the Principal of the Victoria College, Cooch-Bchar, 
and who later went to Mysoie at the invitation of the 'Maharaja to take up the post of the 
first Vice-Chancellor of the University of IMysorc. The w’ork has now become classical 
and attracted the attention of chemists all over the wa)rld. It is, I believe out of print 
and It is in the fitness of things that the Indian Chemical Society now' is making an 
endeavour to publish a revised and enlarged edition of the book with a grant from 
the Central Government. 

It is not my task to-day to make a compieheiisive survey of the manifold activities 
ol Professor Ray in the various fields of educational, scientific, literary and social work, 
and it wdll be difficult, even if T had the abilities for it to do so in the course of thi.s 
lecture. I W’ould, however, fail in my duty if I omitted lo mention the fact that Pro- 
fcSvSor Ray, though essentially a chemist, was no narrow specialist ; he had wide 
sympathies and a rich and receptive mind full of intelligent appreciation of the beauties 
of art, literature and history, and he often used to take his students, particularly his 
research assistants and other advanced pupils to task foi iheir neglect and ignorance 
of the humanities. In 1910 Professor Ray was elected President for the annual meeting 
of the Bangiya Sahilya Parishad, which was to he held at Rajshahi in Bengal, and 
I remember the enthusiasm with which he threw himself into the work of composing his 
Presidential Address, which created a deep impression on the literary circles in Bengal 
and received their homage and admiration. He has since written on many subjects, in 
numerous journals and magazines, has spoken from many platforms, and in times of 
emergencye and crisis in the country has always been in the forefront in coming to thg 
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rescue of his distressed fcllovv-beiu.crs. His “Impressions of a Benjialec Chemist”, 
written in two volumes towards the end of his life, would bear testimony to his wide 
interests in life and his multifarious activities. 

No estimate of the value of his contributions to the advancement of his countrymen 
would be comi^lete w hich d’d not take note of his pioneering labours in the foundations 
of chemical industries in this countiy. The Bengal Chemical and Pharmaceutical 
Works are deservedly considered to be his direct offspring, but tlieie arc numerous otliers 
which are flourishing to-day, w Inch h‘s inspinng example and genius and encourage- 
ment helped in bringing into existence. He was never tired of exlioiling his countrymen 
to take to industiies and commerce and not hanker for jobs under Government, and he 
always held before the youths of the country the examples of men the world over w’ho, 
through tireless industry and self-confidence, rose from small beginnings to the positions 
of industrial magnate^, and wlio gave, as he did himself, their large earnings for philan- 
thropic objects for the benefit of liiiniaiiity. 

It would be no exaggeration to stale that the ninl)ilion to utilise scientific know- 
ledge for the removal of the indiuli ial backwaidncss and the consequent degrading 
poveity of tlieconiitiy was fust kindled in many of when wi heard from his own lips 
the wonderful st()i> of the growth of the Bengal Clicinical and Phai maceiilicid Works 
from a small beginning in the nineties of the last ccntniy, when he and a few fiiends 
sciapcd togcibci about a tl-onsi nd nipccs out of their small saving'^ foi '^tal ting this 
concern , to its pi e«cnt ^latnre of peihaps the picinier ckemical and phni m icculic al 
concern in India. 

Arni.ic\Ti(>N or tiik Tueciric Curri-m 'io tut .Manuiacti’ri' or 
Organic Ciiumicai., 

It would therefore be only appropriate, I believe, if I spoke to-day on one of tliest' 
scientific industrial problems which I have been engaged in iiiveslig.,ling lately, vi/ , 
the application of the electric current to the manufacliire of certain organic chemicals 
of indnslrial importance — a subject of immense significance in the develoi)ment of 
several basic industries of this connliy. lilectricily enters to-day into llie pv< ductioii 
of a large variety of basic materials, sucb as metals aToys. cbe’iiicals and fertilisers, 
abrasives, etc. Many of these serve as raw materials foi other industries In some 
of these, the use of electricity is indispensable as in the piodiiction of aUiminiiim, sodium, 
magnesium, calcium carbide, fused alumina, etc . wdiile in others it is pieferred to the 
chemical processes, as it leads to purer pioducts and ate often more economical. Organic 
products cannot of course compare in bulk and value with the inorganic products of 
electrochemical industries, but many of these find imi)oi;tant uses as dye intermediates, 
photographic developers and drugs. It is all the niorc legreltable therefore, tiial the 
subject of manufacture of organic compounds by electrolytic methods has not been 
given the prominence which it undoubtedly deserves. This is not because electrolytic 
methods have not been employed in organic industries — in fact, numerous applications 
have occurred — but, as Thatcher, one of the pioneers of technical electrochemistry in 
U. S. A., has said “it will probably be difficult, if not impossible, to cite another branch 
of applied science in which such extreme reticence has been maintained,” The typical 
reactions of organic chemistry like reduction, oxidation and substitution may often be 
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carried oul with ease, if not with elegance, by electrolytic methods Expensive reducin.i» 
or oxidising a.i4ents, like zinc, tin, lead peroxide, chromic oxide, etc., are dispensed 
with and there are no sludges, therefore, of inorganic by-products to be removed. 
Once the right conditions for a particular desired result have been determined, the 
electrolytic method si ould be. and, indeed, has proved superior to the chemical method. 
A promising suivey of the raw material position for the development of the dyestuff 
indiirtry in India has been made by Pai and Veiikatataman iJour.Sci. Ind, Res. ,1942. i). 
'rile primary materials which are recpiired, viz.. Benzene, Toluene, Phenol, Naphthalene, 
etc., are available, or potentially available, in sufficiently large cpiantities, but these 
liave to be converted into the intermediates like Naphthols and Naphlhylamines, 
Aniline. Toluidine. Benzidine, etc. The application of electrochemical methods to 
the commercial pioduction of such technically important compounds in India is a 
promising field which has been lying almost uiiexploicd. Researches on the 
manufacture of ceriain special dye-intermediates like Benzidine, 'roliduie, Dianisidiue. 
Dipheiicl idine. ett'. and of /’(/m-aminopheiiol, :>:4‘diaminophenol. etc., and their 
anologiies have been in progress for the past several years in the chemistry laboratories 
of the Presidency College, Madras, under tlie auspices of the Board of vScieiitific and 
Industiial Research. I shall speak to-day on the results of some of these researches 
which have proved beyond doubt that these intermediates, some of which have been 
produced in our laboratory on a pilot-plant serde, can be manufactured economically by 
electiocheiiiical methods \N hich arc supeiioi to the old eheinieal methods in case of 
operation, puiity of [jroduct and cost of production. I shall first relate the results 
obtained by us in the electrt)lytic reduction of aromatic nitro comi>ouiids in 
alkaline media, and then relei to ceitain interesting resnUs obtained in the electrolytic 
reduction oi aronialic nitro eonipouiids 111 acid media. 

A. RunrcTioN or Aromatic Nitro Comccjcnds in Ai.kaijnk Media 

As is Well known, the leduelion of aromatic niiio eomjjouiids in alkaline media 
leads generally to the production of hydrazo compounds The mechanism of this 
reaction is now weli undeistoo<l. The reaction occuis in stages, and in the presence 
of alkali, the nitroso and the hyroxylamino-bodics interact among themselves to give first 
the azoxy and then azo and then hydrazo compounds. The hydrazo-hodies do not have 
any intrinsic value tlieiiiselves, but they owe their imi)ortance to the fact that on treat- 
ment with mineral acids, they undergo tlie ^‘benzidine transformation” and form the di- 
amines of the dij)henyl series which are used extensively in the manulacture of certain 
valuable substantive cotton dyes. A study of the electrolytic reduction of the following 
Seven aromatic nitro compo«uds has now been eomideted and the details have 
been published in J. Sci. hui. Res., 1946-10^8. 
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I. iMifrobenzeni 


The electro-reduction of nitrobenzene in alkaline media has been studied by 
iniincrous workers. Some of the more important of these only are cited here. Straub 
was one of the first to study the electro-reduction of niti oi)en/ene and took out a patent 
on this process (Ij. R. P. 7Q73T of iSg*) He carried out the leduction in alcoholic 
caustic potash and claimed to liave obtained hydrazo-beiizene in a yield of 85% Wulfiiif> 
(D. R. P. 1 10234 of 1898) claimed an imiirovemeiit by substituting sodium acetate for 
the caustic alkali, which led to Icsser tar-formation and lonj;>er diaphraj^m life. On 
the laboratory scale, the method leads to i>ood results ; but, the use of alcohol on the 
technical scale has many disadvantages, the chief of which aie loss of solvent by 
evaporation, hiftli e'en resistances, dilution of alcoliol by flow of water from the anolyte, 
and last but not the least, the hazard of fire Klbs (Chcni. i8c)3, 17 , 209) 

suggested the reduction of nitro comiiounds without a solvL^’t, the depolariser, i.c,, 
the nitro compound in this case, being maintaiiu I in is^Ul emulsion by stirring. 
Based on this idea, no fewer than 12 different patents have been taken out during the 
ycais igoo to 1017. Tn some of these (Loeb, D. R. P. 116^67 of ic)oo) the reduction is 
carried out in alkaline emulsion u|)tr) the azoxy-stige, tlie solution then acidified and 
reduction continued, leading to the production of benzidine in the electrolytic cell 
itself. In others (Mcistcr, Lucius and Brunning, D. R. P. 127727 of igoo), the reduction 
is carried out on similar lines, but the diai>hragm is dispensed with by the use of a 
small anode of iron. Sometimes again (Oesellschaft fiir chemische Industrie, D. R P. 
297019 of 1917), a diaphragm is disi)ensed with by conducting the i eduction 
in a solvent like benzene, the cathode being set at the inteiface of the tw^o layeis and 
rotated at such a speed that neither a too fine nor too gross an emulsion is formed. 

The methods outlined in these procedures involve eithei the use of a non-electro- 
lytic solvent like alcohol or benzene, or the use of the depolariser in a stale of emulsion 
by stirring. Later, it was found that concentrated solutions of salts of certain aromatic 
acids had good solvent properties and McKee and Gerapostolou (Trans. Amo. Electro- 
chem. Soc., 1935, 68 , 329) found that concentrated solutions of mixtures of sodium 
and potassium xylene sulphonates were excellent solvents for nitro compounds, and 
particularly suitable for employment as solvents in electro-reduction. 

Our main objective in undertaking this work was to find out 'which of the several 
promising methods was suitable for large-scale reduction and the optimum conditions 
for operating the selected method. 
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(1) Reduction in alcoholic solution — Experiments usinj* 350 k- of the nitro 
Compound weic carried out. It was found that in order to prevent the azo and hydrazo 
Compounds from being thrown out of solution due to the progressive dilution of the 
alcohol, it was necessary to add at intervals further (luantities of alcohol It also 
became obvious that the reduction demanded operation at uneconomical voltages. 
The method, therefore, was considered unsuitable foi operating on the industrial scale. 

(2) Reduction in a saturated solution ol sodium and potassium xyle^ic 
sulphonatcs. — In our attempts to leproduce the results of Mc .ee and (ierapostolou, 
several defects were noticed in the operation of the method. l‘hese were (a) excessive 
diffusion of the catholyte into the anolyte even with dense aluiidum diaphragms, the 
sulphuric acid getttng extremely dark and viscous, which increased the cell resistance, 
(6) deterioration of the xylene sulplionate solution botii in conductivity and in solvent 
l)OWer by repeated use, tc) the large admixture ^ip to 20% ) of azobenzene with the 
hydrazobeiizeiie pioduced, even though a large excess of current had been jjassed, and 
the reduction conducted at as low a current density as i amp. sq. dm., id) fairly Iiigh 
cell voltage : in a ceil handling litres of xylene sulplionate solution and i kg. of 
nitro compound and with dense alundum diapliiagnis, 8 volts were found necessary for 
passing 40 ami)s. on an effective calhode surface of 40 sip dm On the whole the 
view expressed by McKee and others on the great utility of this method for the 
large-scale production of hydrazo compounds could not he continued. It was found 
suitable for the production of azo comiiounds in good yields, but not of hydrazo 
compounds. 

(3) Ri'dut lion in alhaline emulsion, — All the recorded information on the subject 
is in the form of patent specifications. A systematic study of the leduction of nitro- 
benzene in alkaline emulsion was therefoie umUrtakcii, the preliminary expeiinicnts be- 
ing conducted at monel, lead and iron cathodes, the anolyte in ail cases being a 30% solu- 
tion of sodium hydroxide kept inside a porous cylinder. As a lesull of tliese experiments 
it was found that (i) nitrobenzene is reduced at a monel cathode to a mixlarc of 
hydrazo- and azobcuzeiie, (ii) the addition of lead oxide carried the reduction to completion, 
less than 5% of azo compound being found in the end product, iHi) at a lead cathode 
more than 90% of hydrazobenzetie and 4 to 5% of azobcnzcnc were obtained — the addition 
of lead oxide was found unnecessary, but the calhode was corroded by the action of 
alkali to some extent and the dissolved lead redeposited in a loose form, (iv) at an iron 
cathode in the presence of lead oxide the yield of hydrazobenzene was the highest, about 
93%, and the azobenzene was the lowest, about 3%, (v) the current efficiency of 
the processes was good, only 10 to 20% of excess current having to be passed over 
that required theoretically, J^vi) the formation of a crust of hydrazobenzene which was 
deposited on the cathode and the diaphragm, was a drawback in the earlier experiments, 
but this was removed later by the addition of xylene at a suitable stage, which helped 
in the removal of hydrazobenzene and in carrying the reduction to completion. 

These preliminary experiments showed that the reduction of nitrobenzene in 
alkaline emulsion was superior to the other methods, both from the point of view' of ease 
of operation and yield and quality of the hydrazobenzene. A systematic study of the 
reduction of nitrobenzene in alkaline emulsion was next undertaken with special 
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reference to the followin;: faclor^s: influence of cm lent density, < onceiilration of alkali 
and of depolariser and of addition agents, lion was selected as the most suitable cathode 
from the point of view of technical application on a large scale. A cell of a simple 
design v\as made in which the parts could be easily assembled and in which all the 
factors except the vaiiable factor under study could be reproduced to the minutest detail. 
The dcsciiplion of the cell, as designed for the purpose, has been given fully in J. Sci. 
Ind. Rii>. pp. 564-505). This cell has been of gieat value in conducting related 

studies with other nitio compounds like o////o-mtiotolucne r)r//io-nitroanisole, etc. 

A t>pical icduction was conducted as follows 'i he alkali of the specified stiength 
was heated to boiling with tlie addition agent so as to dissolve the latter and introduced 
into the cell. The poious diaphiagm was also filled up to the same level with 30% 
alkali. 1 he cuirent was passed at 20 amps, foi about 15 minutes with heating, and 
when the tcmpratuie had reached bo' , the mtio compound was added. The 1 eduction 
was cariicd out at the specified amperage, bce[)iijg the tcmpeiatuie at bo''. When 90% 
ot the theoietical cm lent had been passed, 200 c.c. of x>leiu‘ weie added and the reduc- 
tion continued tili the solvent lajei W'as lust coiourlcss. In some cases where the colour 
was not completely discliaiged, the icduction was can ied on till the solvent layer had a 
constant shade ot colour. The alkali and xylene layers weie wilhdiawii from the cell, 
separated, and any fiee alkali in the xylene layer neutiali.sed by passing carbon dioxide. 
The xylene layei was then ponied into acid foi bcn/ieline liansfoimation. WHien 100 g. 
of nitioben/eiie had been taken, the tiaiisforination was eflected by pouring «nto 80 c.e. 
of HCl (d I. 16) and 150 g. of ice, stilling for 5 houis in the cold and raising the 
tempeiatme duiing ihe sixth hour to gentle Ixnliiig. Ihe pasty mass was then filtered 
and the residue washed with xylene to free it fiom azobenzene. The filtiate consisted 
of two layers, the acjueous layei containing benzidine hycliochloiide and the xylene* layer, 
azobeiizciic. The icsidue consisting ot I ciizidine hydiochloiide was coiiveiled into 
the insoluble sulphate by addition of the calculated amoiiiU of dilute sulphuric acid. 
The benzidine sulphate was filleicel, dn’ed and weighed. The acid lilliate fioiii this 
was basified, stcam-dislilled to icmove aniline, and the aniline estimated by the bromide- 
bromate method, 'ihe azobcii/eiic was rccoveied fiom the xylene layer by blowing 
in steam and removing the xylene. 

Ill interpieliiig the re.sulls, some impoitaiit points must be boiiie in mind : 

(0 Influence of cuitcni dcnsily . — Since satistacloiy yields of liydrazobenzene* 
were obtained only by the addition of lead oxide, ail the experiments on the influence 
of current density were coiiduclcd only after the addition of this compound. Ihe lead 
oxide was first dissolved in the catholyte foi ming sodium plumbile. On passing the 
cmrent, lead was deposited on the* cathode in a spongy stale. Since it was not possible 
to compute the exact surface oflered by the spongy lead, only the smface offered by the 
cathode was taken into account. In any case, it can be assumed that the surface oflered 
by the spongy lead will be a constant factoi in all the experiments, provided that the 
same amount of lead oxide had been added. 

(ii) Influence of concentration of alkali —Cmrent efficiency is not appreciably 
affected by increasing the alkali strength. There is a definite inprovement in the 
material yield. 
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(iii) Influence of concentration of defolatisc). — Tlicrc is no marked improvement 
in current efficiency by increase of clcpolariser concentiation. Material yield, is, 
however, definitely improved by increase cf depolariser cone ntration. On the tcclinical 
scale the increased cell voltage due to mcica’^e of depolaiiscr concentration may be a 
disadvantage. 

(it) Influence of added iouifoundsr Lead oxide is the most valuable addition agent. 
At the end of the reduction, lead is c<)int)letely absent in the alkali layer. In technical 
( [lerot on, aftei completion of one i eduction and \^ilhd^■a^^al of the chnigu, a fresh charge 
can Ije added and the icductic n conliniRd without addition of any fresh amount ol lead 
oxide, since the sjKingy lead ficm the pn\ious icductic)n is almost completely letaincd 
in the cathode chamber. 

The reason for the incicased foimation cjf }«ydia/o compound I>y tlie addition of 
lead oxide sceins to be due to increased oxeixo tage when the metal is deposited on 
the cathode. In addition, becamse of die huge sui face aiea ofTeied by the lead sponge, 
more intimate contact between tlie cathode and depolariser is lavoiircd, so that rapid 
1 eduction can occur. 

From the exi)erimental data ])icsented abo\c, it has been proved that electrolytic 
reduction of nitroben 7 eue in alkaline emulsion at an inm cathode is piobably superior to 
all other methods for the iiroduction of benzidine and veiy suited for adoption on the 
indusli idl scale. The yield of beir/icliiie obtained nc.iily tjo% of tlio tlieoretical and 
isabout equal to that obtained by I'ieiz I).i\id (“runrljiiKiilal Operations of Dye Chemis- 
try”, uj:i 7 , p, (>o) by cheiiicai metlu'cls or that olilained in lednclion with sodium amalgam 
or that claimed for the ekcliolylic' method stat(d U) be in opciation in Sw’ilzerland 
(Ficliter, Congre^'S Inteniational » 1 h.kc ti icily, Fan^, h’eetii 11 1 , Rapi>oit No. K), T932, 

ji. 6). 

A study of the procL'ss on a pi'ot-piaiit scale was iindeiiaken to study fully the 
economic asi)ects of the process. At first the leductions weie coiidneled in a cell hand- 
ling 2 kg. ol iiiti(Len/ciie. with a catluale sm face foi j(j s(j dm. and operated at 100 
amps, and then in a cell handling 10 Ig. with cathode mu lav e or joo sq dm. and 
operated at ^5^ amps. 

As in the small-scale experiments described pieviously, the \cssel of sheet iron 
itself served as the cathode chamber. Due to the difficulty of getting iron gauze, 
additional catliode surface was pn.vided by a set of sheet iron \anes. An oval vessel 
was preferred to ensure a more unilorm distribution of ciurxiit. Instead oi using a single 
anode set in a large central cybiidncai cliajdiragm, tiiiee anodes in three .■^mailer 
cylindrica' diaphragms, arranged along the longer axis of the vessel, were employed. 
This was helpful in distributing liie current evenly, avoiding ovci heating and in lower* 
ing the bath voltage. 

The hydrazobcnzeiie formed in the reduction was removed by xylene as in small- 
scale exiicrirnents and the large cell was oper'ated with the same ease and smoothness 
as the small cell. No undesirable heating effects were noticed even with the large 
current and the cell was maiiitarned at 80® quite easily by regulating the flow of 
water in the jacket. The only attention needed was to withdraw the weakened anolyte 
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at intervals of about six hours, fortify it to 20 to 25% and return it to the anode 
chambers, a process requiring only a few minutes each time. In an industrial cell, 
this operation may quite easily be made automatic by the regulated addition of solid 
caustic soda, so that there need be no interruption during the reduction. In an in- 
dustrial electro-organic reduction, the unit cells are rarely operated at more than 
1,000 ami)S., and large amounts are handled by muliiplying such units, each carrying 
not more than 1,000 amps and increasing the duration of reduction as required. Our 
l)ilot plant, operated at 450 amps., can therefore furnish a fairly accurate idea of the 
operational features of the indus^ial cell. It is seen that the results obtained in the 
small-scale experiments are reproducible on the pilot-plant scale, both with regard 
to current and material yields. The inocess of electro-reduction of nitrobenzene 111 
alkaline emulsion can theiefore be considered technically sound and suitable for 
adoption on the industrial scale. 


2. o-NHrotoluc 7 ie 

References to the electrolytic 1 eduction of o-nitrololueiie are contained in patent 
specifications (cf. Brunner, K.R. 15750, 1915 h 

In the electrolytic reduction of f)-nitrotoluene, our studies were restricted to 
reduction at an iron cathode. 

The most disturbing feature in all the reductions is the large proportion of 
toluidine which is simultaneously formed with the hydrazotolueiie (cf. Diffenbach, 
D.R.P. 197714, Fricdlaiider, 9, ria). It appears difficult to suppiess amine formation 
to any appreciable extent However, according to I/>h (Z. Elcktrochcw , 1904, 10, 
582), by proper adjustment of the cathode potential any desired product can be foimed. 
The cathode potential should be held at such a level that reduction does not [)i oceed 
beyond the phenylhydroxylainine stage When all the pheiiylliydroxylamine de- 
rivative is used up in forming the azoxy compound by condensation w ith the nitroso 
compound, the cathode potential can be raised to a level where reduction of azoxy 
to hydrazo compound can take place. It is difficult to say how' far this is practicable 
on a technical scale. Amines like toluidine or anisidinc, are, how’ever, not without 
value and their simultaneous formation along with hydrazo compounds need not 
render the electrolytic method for the production of the diamines unsound technically. 

In a standard reduction, a little over 56 g. of hydrazotoluene was foimed for 
every 100 g. of c-nitrololuene reduced. With an 85% yield in the conversion, this 
ought to give nearly 70 g. of tolidine sulphate, but only 53 g. of tolidine sulphate 
were obtained. 


3. o-NUroanisole 

The electrolytic reduction of o-nitroanisole in alkaline emulsion has not so far 
been reported. The reduction was therefore studied with reference to the following 
factors : influence of catalysts, current deflsity, concentration of alkali and of depol* 
ariser. From the results obtained the following conclusions were drawn ; 
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(i) At an iron cathode the reduction does not proceed to an ai)i)ieciable extent 
beyond the azoxyanisole stage and anisidiiie is formed in large amounts as a by- 
product. 

(a) The most satisfactory catalyst is lead monoxide leading to the highest yield 
of hydrazoanisole. 

(3) Zinc oxide leads to more of anisidine being formed and a marked inhibition 
of reduction to the hydrazo stage. 

(4) The addition of tin oxide takes the reduction to completion and there was 
hardly any azo or azoxy bodies in the reduction products but anisidine preponderates 
over the hydrazo body as in the picvious cases. 

(5) Ceric sulphate or vanadium j)entoxide are of no value in inci easing the yield 
of hydrazoanisole. In the presence of these compounds, the main products are an- 
isidine and a mixture of azo- and azoxyanisole, hydrazo formation being negligible. 

Since lead oxide was indispensable for the production of the hydiazo compound 
in good yields, the studies relating to influence of the rest of the factors were conduc- 
ted only with the addition of this agent. The following conclusions were drawn from 
the results : — 

(1) There is no appreciable diminution in anisidine formation by operating at 
a lower current density. 

(2) There is no defliiite improvement in the yield of hydrazoanisole by increas- 
ing the concentration of alkali above 10%. 

(3) I^y operating with a depolariser concentration of one to four volumes of 
alkali, the diaiiisidiue is obtained in the highest yield; nearly 80% of theoretical . As 
in the case of the reduction of o-iiitrotolueiie, it does not seem possible to reduce the 
formation of amine to any considerable extent by the alteration of conditions. Since 
anisidine is also of value as a dye-intermediate, its production simultaneousK with 
hydrazoanisole need not be considered as an objection to the application of the elec- 
trolytic method on a large scale. 

The standard method of in'occdure for the reduction and isolation of products 
has been used. Yield of hydrazoanisole (in.i>. 102°) was 72. 1% of theory, and 
o-anisidine, 22% of theory. Yield of Dianisidine or 3:3'-dimethoxybenzidine (m.p. 
135®) on conversion of hydrazoanisole was 90%. 

4. (yNiirochlorohenzcne 

The reduction of c-nitrochlorobenzene was conducted on the basis of results 
obtained from earlier studies, employing lead monoxide as addition agent, a dcpolar- 
iser concentration of one to four volumes of sodium hydroxide and a low current 
density, such as i amp./sq. dm. It was seen that the preparation of o-dichlorohydra- 
zobenzene in nearly 85% yield was possible by employing the above conditions, the 
current efficiency also reaching a high value. The hydrazo compound is obtained 
in a state of high purity, melting sharply at 87*^, and is almost colourless. 

The most noteworthy feature about o-dichlorohydrazobenzene is its extiaord inary 

6— X731P— 9. 
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Stability in air and resistance to the **benzidine change’’ as compared to hydrazo- 
toluene or hydrazoanisole. It was only after employing lo mols. of 50% sulphuric 
acid, that the "benzidine change ’ could be effected in a yield of 91.5% of the 
dichlorobenzidinc . 

Ortho-OY 3:3'-dichlorobenzidine can therefore be prepared in an overall yield 
of more than 80% by the electrolytic reduction of (7-nitrochlorobenzenc in alkaline 
emulsion. 


5 - 2 :s-Dichloro'J-nitrobenzene 

The study of this reduction was also restricted mainly to a few specific conditions. 
It was found that other conditions being equal, increase 111 the strength of the alkali 
employed caused an increase in the yield and in the current efficiency. This is 
probably due to better emulsification obtaining with alkali of strength approximating 
lo that of the nitro compound. The best improvements in yields as well as the 
current efficiency are realised by operating with lower current density of i amp./sq.dm. 
and with a depolariser concentration of one volume to four volumes of catholyte. 
These would appear to be the optimum conditions for the ])ieparation of tetrachloro- 
benzidine. 

2:2';s:5'-Tetrachlorohydrazobenzene is a liglii yellow solid (in.p. 123.5''). 
stability in air and resistance to the benzidine transformation are even more marked 
than that of 2:2'-dichlorohydrazobenzene. Piolonged boiling with a larger excess 
of concentrated hydrochloric acid has to be carried out before it can be completely 
converted into the benzidine- Tetrachlorobenzidine has been prepared in this way, 
in a yield of nearly 85% as a grey powder,, which crystallises from alcohol in orange- 
yellow flakes melting at 137-5®- It is a very feeble base and its salts, like the hydro- 
chloride or sulphate, are immediately hydrolysed to the free base by the addition of 
water. The diacetyl derivative, crystallised from acetic acid, forms colourless needles 
(m.p. 297®) and the dibenzoy! derivative also crystallised from acetic acid in 
colourless needles (in-p. 250-52®). 3:3':6:6'-Tetrachlorobcnzidine has been obtained 
also by purely synthetic means as described by Dey a/, to confiim the identity of 
the electrolytic product. 


6. 2 *Nitro~/[-chloroanisolv 

There is no reference in literature to the electrolytic reduction of 2-nitro-4 chloro- 
anisole in alkaline medium. 

Since the melting point of 2-nitro-4-ciil6roanisole was 98-99 , and the 1 educ- 
tion was carried out generally at 80®, the nitro compound had to be kept in 
solution in 100 c.c. of benzene in the electrolytic cell. The following conclusions were 
drawn from a set of experiments conducted in order to arrive at the most favourable 
condition for the formation of the dichlorohydrazoaniscle : 

(i) I,ead oxide is an indispensable catalyst for the production of dichlorohydrazo- 
anisole* 
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(2) The formation of chloroanisidine in appreciable amounts (12 to 20%) is un- 
avoidable. 

(3) An increase in the concentration of the alkali (from 10 to 30%) results in 
increase in the yield of amine and a consequent decrease in the yield of the hydrazo 
compound. 

(4) A current density of i amp. /sq.dm, and a concentration of 10% sodium 
hydroxide while employing an increase depolariser concenlration of 120 g. in 387 c.c, 
of the alkali gives the best yield of ihe hydrazo compound and reduces the amine 
formation to a minimum. 

Dichlorohydrazoanisole (71 -7% yield) is a light yellow solid (m.p. 116®) which 
turns deep orange when exposed to air, probably due to oxidation to azo compound. 
When treated with acids it undergoes the “benzidine transformation ” readily to give 
3:3^’dinieihoxy-6:&'dichlorobenzidine (m.p. 170-71”). 4-Chioro-o-anisidine (m.p. 80-81”) 
occurs as a side product to an extent of 16.2%. 

7. 2'N H ro-4-chloroplieneiolc 

Neither electrolytic 1101 chemical reduction 01 this nitro compound to its hydrazo 
derivative has been reported so far in literature. Conditions similar to those worked 
out in the ca.se of the preparation of allied compounds were applied in the present 
instance, but the yield of the hydrazo compound was relatively poor and the product 
was invariably contaminated with appreciable quantities of the conesponding azo and 
a/.oxy derivatives. Apart from the chlorophenetidine that is simultaneously produced, 
there is evidence also for the formation of other by-products, one of which appears to 
be a phenol. In this reduction also, a solvent had to be used. Instead of benzene, 
xylene was employed owing to its belter solvent action on the products. 

The crude dichlorohydrazoiihcnetole obtained in a yield of 70 to 72% is an orange- 
yellow solid which turns deep orange on exposure to air, probably due to oxidation 
to azo compound. On crystallisation from xylene, it separates as bright yellow needles 
(m.p. 152°). In regard to the ‘‘ benzidine transformation ” of the hydrazo compound, 
despite several attempts at variations of the general method of boiling with mineral 
acids, the conversion did not exceed 64% of theory and to effect this, both concentrated 
hydrochloric acid and dilute sulphuric acid were found to behave equally uell. 


B. Rrdix'Tion of Aromatic Nitro Compounds in Acid Mkdia 

The cathodic reduction of aromatic nitro compounds in acid media leads to a 
variety of products, the course of the reduction being to a large extent conditioned 
by the strength of the catholyte, the influence of the electrode material and the presence 
or absence of addition agents in the electrolyte. In dilute acid solution or 
suspension, according to Haber iZ. Elektrochem., 1898, 506), a nitro compound 

reduced at cathodes having a low overvoltage, such as platinum, yields a mixture 6f 
amine, atninophenol, azoxybcnzenc, azobenzene and benzidine. At high overvoltage 
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cathodes like those of lead, tin, mercury and zinc, although the reduction leads mainly 
to the production of amines, the presence of addition agents is said (D.R.P. 295841, 
1915) to give good yields of aminophenols too. The aminophenols, however, occur in 
larger yields when the leduction takes place at a low^ overvoltage cathode in strongly 
acid media (Gatterniann et al., Ber. 1S93, 26 , 1844 ; 1894, 27 , 1927 ; 1896, 29 , 3024). The 
bulk^offthe previous work in this field had related to the electrolytic preparation of amines, 
with perhaps the sole exception of the case of nitrobenzene, wdierc conditions for the 
reduction to ^ara-aminophenol had been studied by several workers (Noyes and Clement, 
Ber., 1893, 26 , 990 ; Caeser, Trans- Amer. Electrochem. Soc., 1927, 52 , 95). A syste- 
matic study was therefore undertaken on the electrolytic reduction of a series of aromatic 
nitro compounds, keeping in view our object of getting the maximum yield of the 
aminophenol and a minimum of the amine. Nitrobenzene was the first compound 
to be investigated and it was later followed by studies on the reduction of oriho’ and 
me^a-nitrotoluene, m-dinitrobenzene, »i-nitroaniline, o-nitrochlorobenzene and o-nitro- 
phenetole on the same lines; the results obtained have been the subject of several publica- 
tions (J-Sci. Ind, Res., 1946, 8, 574 ; 1947, 6, 83 : 1948, 7 , 107, 113 etc.). Apart from 
developing suitable methods for the production of aininophenolic compounds, these 
investigations have resulted in certain observations of general intercvSt. They have made 
it clear for example, that the overvoltage effect, varying from electrode to electrode, is 
by no means the only factor which controls the course of these reductions. There is also 
the catalytic influence of the cathode material, as distinct from its overvoltage effect, 
which has not so far been studied with a view to apportioning the relative influence of 
each of these on the course of the reactions. 

Gattermann (/oc, ct<.. Be?., 1893, etc.) was the first to describe the electrolytic 
preparation of aminophcnolic compounds by the reduction of aromatic nitro compounds 
in acid media ; he used warm concentrated sulphuric acid as the catholyte and platinum 
as electrode metal. Since Gattermann’s classical experiments, several modifications 
have been reported by way of patent specifications (Darmstadtei , D.R P. 150800, 
1901, etc.) and other literature, specially in regard to the electrolytic preparation of 
i^-aminophenol. In fact, during the war of 1914 to 1918, several tons 0/ f>-aminophenol 
were manufactured by Thatchers modification of the Gattermann procedure, substi- 
tuting carbon electrodes for the platinum, and also by Eastman Kodak by another 
modification of the same procedure (See McDaniel, Schneider and Ballard, Trans- 
'Amer. Electrochem. Soc., 1921, 39 , 441). 

Most of these improvements as well as those that followed later (e.g. those of 
Darmstadter, Burwell, Shoji, Brigham and Lukens, Altpeter and Khirkhgof) were aimed 
to lessen the rigour of the operating conditions in the Gattermann procedure by the 
use of less concentrated sulphuric acid and also replacement of the expensive cathode 
by less costly material. The mechanism of the formation of ^-aminophenol by the 
electro-reduction of nitrobenzene is well understood. The ^-phenylhydroxylaminc 
molecule, formed initially by the reduction of nitrobenzene, rearranges itself in the 
presence of strong acid to i>-aminophenol. The ^-phenylhydroxylamine is also a 
good depolariser and can be further reduced to aniline at the cathode. The relative 
amounts of aniline and ^aro-aminophenol will therefore depend on the relative speed 
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of rearrangement of the pheiiylliydroxylaininc molecule and of its reduction to 
aniline. If therefore the i eduction ot i)heiiylhydroxylaiiiine to aniline could he 
retarded, higher yields of /xira-aniinophenol might be expected. It has been suggested 
that this could be achieved by the addition ot anti-catalysts or by the use of alloy 
electrodes. 

The most rational approach for evolving a technical method appears to be on the 
lines suggested by Imray (K.P. 18081, 1915) by the use of anti-catalysts, and it is 
therefore surprising that no work has been carried out on the basis of these ideas. In 
almost all the reductions studied, maximum aminoidienolic formation takes place in a 
catholyte of 20 to 30% sulphuric acid in the presence of suitable addition agents. In 
the case of m-dinitrobenzene and m-nitroaniline, however, although somewhat satis- 
factory yields were obtained at tnesc dilutions, better yields resulted when a 40% 
sulphuric acid solution was employed as catholyte. The cathode material for these 
reductions consisted of lead, copper, monel or nickel at all of which under the condi- 
tions of the experiment, both aminophenols and amines were produced. Amongst 
these, copper and monel were found to be the most suitable cathode materials. 

Mercury being a metal of high overvoltage, should, according to the accepted 
principles, have not only facilitated the reduction ot the nitro compound to the 
hydroxylamine but also carried it further to the amino stage, giving little time for 
the hydroxylamine derivative to undergo isomerisation or enter into side-reactions. 
The experimental evidence seems, however, to show that the contrary is the case. 
Instead of reducing the hydroxylamine further to the amine stage, the mercury definitely 
helps in accelerating the speed of isomerisation to the aminophenolic compound, even 
in a comparatively dilute acid medium. This peculiar role of mercury is played by 
copper also in the status of cathode material, since reductions in the presence of its 
salt or otherwise have, in many cases, led to an increased yield of the aminophenol. 

When mercuric sulphate is added to the catholyte and the reduction conducted 
in the usual manner, the cathode (copper or monel) is deposited with a shining surface 
of meicury. It was therefore considered to be of interest to examine if these results 
could be reproduced by using cathodes pre-coaied with a mercuiy surface without 
further addition of mercuric sulphate. In the case of nitrobenzene pre-amalgamation 
of the cathode was observed to have the same effect as addition of mercuric sulphate, 
while in the cases of 0- and m-nitrotoluenes and of m-nitroaniline, pre- 
amalgamation led to even greater reduction and to better yields of the aminophenols 
than when mercuric sulphate was used along with an unamalgamated cathode. 

Another interesting fact that was observed in the course of studies of these re- 
ductions was the effect of copper sulphate added to the catholyte. The finely divided 
copper seems to play, as already indicated, the same role as that of mercury, and when 
copper sulphate was used in conjunction with amalgamated cathodes, relatively good 
yields of aminophenols and small yields of amines resulted. As regards the extent 
of reduction, in most cases, substantial improvements could be noticed. These results 
do not permit any definite conclusions being drawn as to which of the two, mercury 
or copper, acts as a better catalyst, in speeding up the isomerisation of the hydroj^yl- 
amino derivative. 
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Expkrimental 

For all the rednclions, the current was supplied from a dync'imo with an output 
of TOO amps, at 6 volts. The anodes were in all cases made of lead and consisted 
of cylinders i" in diameter and 2" in height. The aiiolytc was sulphuric acid of the 
same strength as the catholyte. It was found necessary to change the anolytc during 
the experiment, in certain cases, where the voltage rose to above 7 volts, but generally 
in all the reductions, the volta^^e was maintained between ^ and 7 volts. The materials 
of the cathodes expeiiniented with were those of coppei, monel, nickel and lead. The 
diaphragms used weie those of German biscuit porcelain specially resistant to acids, 
5" high and 2.5" m diametei. The working up of the products m the case of the 
reduction of nitrobenzene, o- and »i-nitiotoluene, c-nitrochlorobenzene and c-nitro- 
phenetole was as follows . At the end ot the reduction, the acid solution is steam 
distilled to remove the nitro comfiound remaining unreduced and then filtered to remove 
insoluble matter through a glass sintered funnel. The acid solution is then neutralised 
carefully with a strong solution of soda ash till the solution just turns red litmus blue 
Sufficient acid is then added to make the solution just turn blue litmus red. A few 
c. c. of a saturated solution ot sodium bisulphite arc then added and about 50-100 g. 
of decolourising charcoal. The niixtuie is then steam-distilled to remove the amine. 
Jt lA absolutely ncccssaiy at llih stage that the mixture should not be even slitihily 
on the alkaline side. The purity of the product obtained depends entirely on this. 
The distillate is worked up for the amine. The hot solution is filtered from the charcoal 
and the pale yellow filtrate left overnight, preferably in the refrigerator, wheie the 
major portion of the amiiiophenolic body crystallises out and is filtered and diied. The 
mother-liquor is concentiated in vacuo in a » stream of hydrogen, the concentration 
being stopped at the point when inorganic materials stall separating. The solution 
is cooled, filtered and the residue washed with a small amount of water containing 
sodium bisulphite. The amiiiophenolic compound thus obtained is dried and added 
to the main portion. 

The product of reduction of ni-nitroaniline and 2:4-dinitrophenol being, in each 
case, 2;4-diaminophenol, its mode of isolation is different from that of the niono-amino- 
phenols. In these reductions therefore after the electrolysis, the acid solution is 
cooled and filtered to remove unreduced nitro compounds (in the cases of m-dinitro- 
benzene and 2:4-dinitrophenol) and the clear solution concentrated under reduced pres- 
sure in an atmosphere of hydrogen. As soon as solid begins to separate the concen- 
tration is stopped and the contents cooled and filtered on a glass sintered crucible, 
the solid being pressed to remove as mucli of the sulphuric acid as possible. The 
sulphate thus obtained is dissolved in a little boiling water, the filtered solution poured 
into 10 times its volume of absolute alcohol, cooled and kept in the frigidaire. The 
precipitated sulphate is filtered off and the alcohol recovered from the filtrate. The 
sulphate is finally dried over sulphuric acid in an evacuated desiccatoi^ and weighed. In 
order to determine the purity of the diaminophenol sulphate, the nearly insoluble 
oxalate is prepared from each sample of the ,3ulphate and the yields of diaminophenol 
formed calculated, based on these values. 1 
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The precipitation of dianiinophenel oxalate from the sulphate is conducted as 
follows: — 5 g. of the sulphate are dissolved by uaniiiiig in 15 c.c. of water, and a 
solution of 5 g. of potasbinm oxalate 111 25 c. c« of hot water added, the temperature 
of the mixed solution being about 40°. White crystals of diaminophenol oxalate 
begin to separate almost immediately. They are filtered after cooling in the frigidaire, 
washed with a small quantity of cold water and dried in a vacuum desiccator. 

The more important of the observations made and the results obtained during 
this investigation are given below . 

1. Nitrobenzene (See Dey, Govindachari and Rajagopalan, J. Sei. Ind. Res., 1946, 6A, 
PP- .?74'8t). — I n the small-scale experiments, conducted mostly in the nature of preli- 
minary investigations, using 100 g. of nitrobenzene ai a time, the most satisfactory re'^ults 
were obtained with copper or monel cathodes in the presence of mercury. Experi- 
ments were then conducted on a larger scale with the cathode combinations which 
proved satisfactory in the small- scale exiierinient and using 1,000 to 1,500 g. of 
nitrobenzene at copper or monel cathode and lead anode wuth a catholyte consisting 
of sulphuric acid of density 1.2 and containing 0.5 to 1.0% of mercury or cerium salt 
on the weight of nitrobenzene taken. The process is superior in simplicity of operation, 
high yield and purity of product and low upkeep charges, to the many other methods 
cited earlier in this paper, and would theiefore be most suitable for adoption on a 
technical scale. Moreover, the nitrobenzene is reduced in a state of emulsion in dilute 
sulphuric acid containing acid only a little more than what is required for neutralisation 
of the product foinied. The cathode and anode aie of metals which aie low in cost 
and of which plentiful supplies can be bad. The corrosion of the electrodes is negligible. 
The cell voltage is reasonably low and the yield pei kw.hr. is nearly 90 g., nearly 
double that obtained in Gattennann 01 modified (jatterniann procedures. The />-ainino- 
phenol was of liigh purity, w^as almost coloiuless and melted sharply at 183®. 

2. o-Nitrotoluene (Dey, Mailer and Pai, ibid., 1948, 7B (8), 107-113). 

NO,<^ ^ — > NHo ^OH 

7-Anhnoo//-cresol. 

The electro-reduction of o-nitrotoluene in acid emulsion can give rise mainly to 
two products, viz., otoluidine and 4-amino-/n-cresol. As a result of this investigation, 
the highest yield of the aniinocresol (46% of theory) was obtained w^hen an amalg- 
amated monel cathode was employed in the presence of coppei sulphate as catalyst 
(5-10 g.). The best acid concentration was 30% «and so far as the extent of 
reduction is concerned, although perhaps not so far as the material yields go, lower 
concentrations serve equally well, e.g., 20%. 

3. m-Niirotoluene (Dey, Mailer and Pai, loc. cil.^ pp. 113-115). — m-Nitrotoluene 
was treated under the same conditions as those found best for the reduction of its ortho- 
isomer, viz., catholyte : 100 g. in 400 c c. of 30% sulphuric acid ; anqlyte : 50 c.c. 
of *30% sulphuric add; cathode: amalgamated monel; anode: lead; temperature; 
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7 o- 7 S“ ; current density: 3-9 amps. /sq.dm. ; current strength: 20 amps./ hr.; 
total current passed (theoretical) : 80 amp.hrs. ; 88.8% of the nitro compound were 
reduced, yielding 55.2% (by theory) of 4-amino-ocrcsol and 15.9% (by theory) of 
m>toluidine. 


NO, O y OH 

~CH, “CH, 

4-Atnino>o-cresol. 

4. o Nitrochlorobenzene. — The best conditions worked out and results obtained so 
far in connection with the acid electrolysis of o-nitrochlorobenzene are given below : 

Conditions; — Cathode, copper; catholyte loo g. of i>-nitrochlorobeDzene 
ill 100 c. c. of xylene and 400 c.c. of 30% sulphuric acid; anode : lead; anolyte : 50 c.c. 
of 30% sulphuric acid ; catalyst ; 10 g. of coppei sulphate; temperature : 50-55®; 
current strength: 20 amps. /hr; current density: 5.99 amps. /sq.dm. ; total current 
passed : 84 amp. hrs. (theoretical). 

Results : — Current efficiency 54%; o-chloroaiiiline : 24% of theory; m-chloro- 
^>-aminophenol :29.i% of theory. 

NO,<^ ^ NH, <( y OH 

cT" cT" 

«»<'hloro-/>-Bminophenol . 

5. o-Nitroj>henetole . — The reduction of o-nitrophenetole to 6*aminoresorcinol* 
monoethyl ether (6-amino- 3-hydroxy-i-ethoxybenzene, in.p. 170®) has been conducted 
under the following conditions ;ioo g. of o-nitrophenetole (b.p. 187-189° at 20 
to 22 mm.) in a catholyte of 400 c.c. of 30% sulphuric acid; anolyte: 50 c.c. 
of the same acid; catalyst: copper sulphate, 10 g. ; cathode: monel; anode: lead; 
temperature: 80-85°; current strength: 20 amps. /hr. and total current passed 
(theoretical) : 64.2 amp. hrs.; current density : 3.9 amps./ sq.dm. 

Results: — Current efficiency : 75.3%; yield of 6-aminoresorcinol-monoethyl ether : 
34.7%; yield of o-phenetidine ; 19.4% 

Note : 6-Aminoresorcinol-monoethyl ether has not been described in literature. 

OEt ^ 

NO,<( )> NH,<^ ^OH 

6-Atninore8oremol mouoethyl ether. 

6. m-Dinitrobemene (Dey and Udupa, ibid., 1947, 8B, 83-90). — The reduction 
of m-dinitrobenzene kept in a state of emulsion in dilute sulphuric acid was conducted 
systematically. As a result of this study the following points have come to light : 

(i) At copper and monel cathodes, 2:4-diafflinophenol can be obtained in nearly 
35 to 45% yield by employing sulphuric acid of 40% strength, and using metcuric 
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sulphate and ceric sulphate in combination as catalysts. Lower strengths of acid do 
not favour the formation of the diaminophenol, and the use of any strength higher than 
50% not only does not improve the yields but also at the same time leads to corrosion 
of the cathodes and anodes. 

(а) In order to obtain the best yield of the diaminophenol the ratio of depolariser 
to acid should be maintained at i: 5.3. 

(3) A current density of 7.69 anii)S. /sq.dm, in the case of copper and 4.55 amps./ 
sq.dm, in the case of monel seems to be the optimnni when sulphuric acid of 40% 
strength is used . 

(5) As regards the effect of addition agents, especially of mercuric and ceric 
sulphates, it was noticed that in the absence of the latter agents, the yield of diamino- 
phenol was very low. 

As a result of the above studies, a method has now been fully worked out for the 
preparation of 2:4-diammophenol. It has been isolated as either the oxalate or sulphate 
in a maximum yield of 45%. For the purpose, m-diiiitrobenzene kept in a state of 
emulsion by stirring with a solvent in a 40% sulphuric acid catholyte was reduced at 
a co])per or moiiel cathode in the presence of addition agents like mercuric and ceric 
sulphates, at a temperature of 9 o”-Q 5°. The formation of m-phenylenedianiine in 
small amounts as a by-product was proved by the preparation and analysis of the 
dibenzoyl derivative from the mothei-liiiuor left after the sparingly soluble diamino- 
phenol oxalate liad been precipitated. 

NO , NH > 

^ ^OH 

7. m-yitoianiline ^Dey, Mailer, Pai ami Udupa, ibid., 1948, 7B, 53). — The reduction 
of m-nitroaniline in acid medium was conducted systematically on the same lines as in 
the cases of the reduction studies with in-diinlroben/.enc. The following conclusions 
were drawn from the results obtained : 

(1) The concentration of sulphuric acid which gives the best yield of 2:4-diamino- 
pheool is 40%. 

(2) A current density of 2.4 amps. /sq dni. in the case of monel, 2 0 anips./sq.diii. 
for copper and 3.85 amps. /sq.dm, for nickel cathodes appears to be the optimum with 
sulphuric acid of 40% strength. 

(3) For realising the best yields it is found essential to use about one-third more 
than the theoretical current necessary for the reduction. 

(4) Increase of temperature belters the yield up to So*, which is found to be 
the optimum. 

(5) Copper sulphate, when copper is used as the cathode, mercuric sulphate for 
monel and nickel sulphate for nickel cathodes catalyses the reductions and high yields 
of diaminophenol sulphate are obtained (about 74% of theory). 

(б) Monel, copper and nickel serve almost equally well as cathode materials. 

7— 1741?— 9. 
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' (7) Prom the results of changing the coucentration of depolariser, it appears that 
the ratio of one part by weight of m*nitroaniline to 10.5 parts by weight of the sulphuric 
acid content is the optimum for obtainmg the maximum yield of diaminophenol, taking 
into consideration only the yield of the oxalate which is purer than the sulphate. 

8. 2\/^'Dinitrophenol (I«bb, Z. elektrochetn,, 1898, 4 , 436). — The experimental 
details in connection with this reduction are exactly similar to those adopted for 
m'Uitroaniline. A yield of 81% of the diaminophenol was obtained at a copper cathode 
without any addition agent in a 30% sulphuric acid catholyte, kept at 90°. Only the 
theoretical amount of current (17.5 amps, hrs.) was passed at 20 amps./hr. The best yields 
of the diaminophenol sulphate are obtained in small-scale experiments with 10 g. of 
dinitrophenol in 400 c.c. of 30% sulphuric acid. It may be mentioned here that the yields 
of diaminophenol sulphate decrease when catalysts like mercuric sulphate, copper sulphate, 
ceric sulphate and copper powder are used. 

I commenced this memorial lecture with a recital of my personal reminiscences of 
Professor Prafulla Chandra Ray's life and I cannot perhaps do better than conclude it 
with the words of Sir Edward Thorpe which appeared in Nature of March, 6, 1919 and 
which seem to be peculiarly appropriate to-day : "Her (India’s) elevation will not come 
in Sir Prafulla Chandra Ray's time. He will be spent in her service. But the memory 
of these services will survive' . 
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ENOL CONTENT OF 2-FORMYL KETONES. 
(HYDROXYMETHYLENE KETONES) 

By Mishri Mai. Bokadia and S. S. Dkshapandh 


The eiiol content of sonic hydioxMiielhvIciu ket<»ncs has been determined 

Foriiiylatioii ketone (I) gives the formyl derivative (11) which according to 
Claisen (Bcr, 1887, 40 , 2igi) exists mostly in theeiiolic fuiiii ( 111 ) and is therefore known 
as hydroxyinethylene ketone. 


0 OH 

I I li II 

R— CO— CH: R— CO— CH— C— H R— CO— C=C— H 

(I) (ID (HI) 

The actual deteriniiiation of the euol content in the aldehyde-enol equilibrinin mixture 
(11^=^111) ih the object of the prehcut work. 

We employed for this purpose the method of Meyer (Bo , igii, 44 , 2718 ; 1912, 46 , 
2843) of bromine titration which has been employed in the estimation of enol in keto* 
enol equilibrium mixture. Addition of brouiiue to the enol (III), followed by loss of 
hydrobromic acid, produces the bromo-aldehyde (IV). On adding potassium iodide 
the hydnodic acid formed reduces (IV) liberating two atoms of iodine per molecule of 
enol. The iodine is then estimated. 

OH OH 

I I Br, II 

R— CO— C--C— H -> R— CO— C— C— H 

1 I 

Br Br 

0 

2HI I II 

— R— CO— C— C— H + HBr + 2I 

I 

H 

(IV) 

To check the correctness of the results obtained by this method we used another method 
due to Hibber (Ber.. igai. Bi, 902) the principle of which is the estimation of copper 
in the chloroform-solnble chelate copper salt (V) which the enol forms on addition of 


O 

-HBr I li 

— ► R— CO— C— C— H 

i 

Br 
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copper acetate. Prom this solution, on acidifying with sulphuric acid, copper sulphate 
separates which is estimated iodometrically. One half atom of copper corresponds to 
one molecule of enol. 


OH 

I I 

3R— CO— C - C— H 




H 
:C~(3 


fl 


-C 




Cu 


\c = 0'^ ^ 


0=^0^ 

I 

R 


H2SO4 

► CiuSO, 


(V) 


As will be seen from the experimental part, the two methods gave concordant 
results only in two cases. Generally, however, the results of enol estimation by Meyer's 
method are inucl; higher than those obtained by Hibber’s method. It appears that 
bromine used in the first method affects the equilibrium in aldehyde-enol system. A 
critical study of the disturbing effect of bromine in broniocarbonyl compounds in 
general will be tlie subject of the next communication. 


K X F R R I M K N 'P A I, 

Meyer's Method . — The conditions laid down by the author were strictly adhered to. 
To the solution of hydroxy methylene ketone in absolute alcohol, kept at -10", was 
added alcoholic N/5-bromine in slight excess, the excess being removed by adding 
alcoholic 10% solution of /5-naphthol until the pale yellow colour due to excess of 
bromine just disappeared. The whole operation w^as completed within 15 seconds and 
at -10^. Potassium iodide was then added, the mixture was warmed and the liberated 
iodine titrated against N/io-sodium thiosulphate. 

Hihbei's Method . — The author’s experimental conditions were followed. A 
weighed quantity of the hydroxymethylene ketone was dissolved in 30 c.c. of absolute 
alcohol and the solution was cooled to — 10®. To this was added a mixture, kept at 
— 10®, of absolute alcohol (12 c.c.), chloroform (S c.c.) and aqueous copper acetate (lo c.c. 
containing 0.0015 g. copper per c.c.). The whole was well stirred and poured into a 
separating funnel containing 250 c.c. of water at o®. The whole operation was finished 
within 15 seconds. The layer of chloroformic copper-enol solution separating 
was transferred to another separating . funnel; the contents of the first funnel were once 
more extracted with chloroform, the chloroform extracts were mixed, washed with 
water and decomposed by dilute sulphuric acid. Copper in the aqueous layer of copper 
sulphate which separated was estimated iodometricaHy. The percentages of enols 
obtained by these two methods are shown in*tbe following table. 
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Hydroxymethylenc 

Foriwlt. 

Percentage of enol by 

ketones. 

Meyer’s 

Hibber’s 

Reference 



method. 

method, 


I. Hydroxymethylene 

niethyl ethyl ketone 

Me-CO— C-Me 

II 

CHOH 

96.1 

64.1 

Joshi, Eauafaal and Deshaponde 
(this Journal, 1941, 18 , 479). 

2. Hydroxymethylene 
diethvl ketone 

Et-CO-C-Me 

II 

CHOH 

57.0 

35‘5 

Claiaen and Meyerowitz (Ber., 
1889, 88, 3375). 

3 * Hydroxymethylene 
( 5 yc/ohexanone 

0 

II 

C 

725 

74.5 

Wallacb and Steindorff {An- 
naUn, 1903, 889 , 117). 


HlC/\c=CHOH 





HjjC^y-CH, 





CHj 




4 - HydroniethyleiR 
desoxyhen/oin 

l*h-CO-C-Ph 

II 

CHOH 

90. j 

89.7 

Wislicenus and Ruthing (An- 
nalen, 1911, 379 , 238) 

5 - l^romoliN droxN methylene 
acetophenone 

l'I,_CO-C-Hr 

II 

CHOH 

680 

34.0 

\garwal, Oupta and Oesha- 
pande (this Journal, 1949, 28, 
55 )- 

Agra Couf(.jv, Aok^. 
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STUDIES ON VITAMIN-A IN SOLUTION. PART II. MODE OF 
ACTION OF THE ANTIOXIDANT 

By U. P. Basu and Sukiiamoy Biiattacharya 
% 

An attempt has been made to explore the mode of action of a hydroxy-phcnolio antioxidant in retar- 
ding the onset of oxidaton in vitamin-A molecule 

Vitaniiii-A (I) is an uiisaturatcd alcohol and in pure crystalline form it has been found 
to melt at 63-61°. But in its natural form it is present both in the free alcoholic and in 
an ester (palmitate) form (Tischer, /. Biol. Chem., 1938, 125 , 475). Recently Robeson and 
Baxter (/. Amei. Client. Soc-, 1947, 69 , 136) have a^ain shown that certain shark-liver 
oils contain up lo 35% of the total vitamin in a form which is a trans-cis isomer of 
the normal vitamin [irans-lrans variety). The two isomers differ in the spacial configura- 
tion about the double bond nearest tlie hydroxyl group, the trans-cis being more resistant 
than the normal one Simdiirly tlie observations of Baxter and Robeson (/. Amer. Chem. 
Soc., T942, 64 , 2407) and lluit of Basu and vSeii Gupta (ibid., 1948, 70 , 413) tend to show 
that whether in natural, form or in the artificial fortified food, the vitamin ester is more 
resistant than the free alcohol to atmospheric oxidation. This oxidative change may 
be considerably controlled by incorporation of a suitable antioxidant (cf. Whipple, Oil & 
Soap, 1936, 13, 231 ; Loweii, Anderson and Harrison, Ind, Eng. Chem-, 1^37, 

29, T.si ; Basu, Ann. Biochcni. E.\p. Med., tqit, 1, 105)- As the vitamin is 
usually present in some fat or oil, this oxidation is believed to be due to an onset of 
oxidation in the unsaturated molecule of the latter substance. An earlier observation 
of Basu (loc. cit.) indicates that the deterioration of the vitamin-A cannot be accounted 
for by the aliove change only. Vitamin -A itself is an unsaturated body with five unsatu- 
rated bonds, four in the aliphatic side chain and one in the ionoiie ring. It is not enti- 
rely clear whether the relation of unsaturaiion to physiological activity icsides solely in 
the /^-ionone ring or whether some unsaturatioii in the side chain is also important. 
The unsaturated bond in the /S-ionoiie ring is oxidis*able to an epoxide fll) under the 
influence of perphthalic acid (Karrer and Jucker, 1 1 civ. Cliim. Acta, i()45, 28, 717 ; 1947, 

30 , 559) and the alcoholic group also undergoes oxidation to vitamin-A aldehyde (III) 
when heated with aluminium fA'cpro|)oxide in the presence of acetaldehyde ( Hawkin and 
Hunter, /. Client. Soc., 194.1, 411). Hunter and Krakeiiberger (z6/d., 1947, i) have 
recently shown that ^-carotene, the jirecursoi of vitaniiii-A, undergoes oxidation in 
solution by oxygen to / 3 -carotene epoxide (of the type II) which subsequently undergoes 
fission to give rjse to an open-chain ketone. Vhlamin-A also under the action of ozone 
yields geronic acid (IV). Whatever may be the product or products of oxidation, it is a 
f^Ct^at the unsaturated bonds readily absorb oxygen in solution and arc markedly pro- 
oxygenic in nature. Highly oxidised vitamin-A has no biological activity too, and as 
such if the inherent cause and mode of oxidation be known, it would be much easier to 
control the deterioration of the vitamin during isolation (cf. Rao, Ind. /. Med- Res.^ 
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1945, 33 , 63) well as 111 any phaiinacculical 01 food piepdratioii (cf. Udbii, Ind. l^haim., 
1943, 3 , 47). 
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At the very outset it may be noted that the autoxidation ot fat is now believed 
(cf. Farmer, Trans, Faraday Soc., 1946, 42 , 228 ; Bollard and Gee, tbid , 1946, 42 , 236) 
to be due to the formation of a fiee ladical by detachment of an ^-methylenic hydrogen 
ion. The function of an antioxidant ot a hydroxy-phenolic type would be to prevent 
the formation of such a radical and of hydro-pcroxjdes. The antioxidant interrupts the 
chain of reactions leading to oxidation through direct diveisiou of the original 
activated fat molecules. The observations of* Calkins (/. Avier, them. Soc,, 1947, 
69 , 384) further show that an acid inhibitor in such cases by donating protons would 
help in regenerating the further hydroxy antioxidant and thereby insure its continuous 
supply to the system. If vitamin-A, an unsaturated body, behaves in a similar way, it is 
natural to expect that a saturated diluent like liquid parafSn will play no part in the course 
of oxidation of the vitamin molecule. This has been actually observed in part I of this 
series (this Journal, i949» 26 , 419). l*he incorporation of a hydroxy -phenolic 
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antioxidant in this case also by preventing the formation of hydro-peroxide helps 
in protecting the vitamin from deterioration. As the ester or glyceride has been 
further found to inhibit the onset of oxidation, it may be argued that the ester by incipient 
formation of an acid-like body is either forming a complex with the vitamin molecule, 
or, IS helping the continuity of hydroxy antioxidant in the system. In order to find 
out the role of the antioxidant in preventing the deterioration of vitamin-A molecule 
further work has been continued and the results of these observations have been recorded 
in the body of this paper. 


Experimental 

Nature oj the Antioxidant. —HydYoqmnimc containing two hydroxyl groups is a 
good antioxidant for vitaniinised oil (Basu, loc. cii.). In the course of this investigation 
inonoinetliyl ether of liydiocpiinone (in.p. 54-56°), dimethyl ether of hydroquinone (ni.p. 
54-55''l ‘'uid propyl gallate (111. p. 146-48°) were prepared. They arc soluble in oils and 
esters. In case of propyl gallatc, which is not readily soluble in liquid paraffin, the anti- 
oxidant was first dissolved in a few drops of peroxide-free ether and the solution was 
mixed witli liquid paraffin. Kacli of mono and dimethyl ether of hydroquinone was 
dissolved in 25 c.c. of ethyl olcate containing 740 LU. of vitamin- A per g. in an amber 
coloured resistant bottle fitted with perforated corks for aeration under negative pressure. 
The concentration of both the antioxidants in the preparation was 0.05%. Samples 
were withdrawn at intervals and the vitainin-A contents were estimated by the procedure 
as laid down in the previous papei {loc, cit.). The results are shown in Table I. 

Role of Oleic Acid in Liquid Paraffin System. — The characteristic behaviour of esters 
in vitamin-A preparations indicates that a simple acid molecule may also play a similar 
role in protecting vitamin-A from oxidation. With this idea in view three preparations, 
each containing 1100 I. U. of vitamin-A per g., were made in (/) simple liquid paraffin 
(25 c.c.) ; Hi) in liquid paraffin <"25 c.c.) containing 0.05% propyl gallate, and (in) in 
liquid paraffin containing 0.05% propiyl gallate and 0.14% oleic acid. Dry and purified 
air was passed and samples were withdrawn and assayed for vitamin-A in the customary 
way. Results are recorded in Table II, 

Influence of Water in Liquid Pataffin System. — Preparation of vitainin-A containing 
1100 I.Ij. per g. was made with liquid paraffin and water (liquid paraffin : water = i:2) 
was added to it in presence of 0.05% ])ropyl gallate. The system was aerated and as it 
was difficult to withdraw representative sample of the mixtuie, the whole after 191 hours* 
aeration was extracted with peroxide-free ether (thrice with 50 c.c. portions). The 
volume w'as reduced to about 50 c.c. by evaporation of ether and again the volume was 
made up to 100 c.c. with ether in a volumetric flask. An aliquot part of this solution 
Was taken for vitamin-A assay The results arc shown in the last two columns of Table II. 

Peroxide Formation in Vitamin-A. — Two preparations containing 1100 I.U. of 
vitamin-A per g. were made from vitamin-A concentiatc in liquid paraffin, one being 
without the addition of any antioxidant and the other with 0.05% propyl gallate. Both 
were aerated and the peroxide formed was determined at intervals according to Basu 
and Mazumder {Leprosy in India, 19391 53 )- The peroxide value has been 
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expressed as the number of c.c. of o.oo2iV-sodium thiosulphate per g. of the preparation 
(vide Table III). 

Deterioration in Vitamin-A Acetate . — Two gelatin capsules of vitamin-A acetate 
each containing 2500 U.S.P. units of vitamin* A were taken in 10 c.c. of ethyl oleate of 
the specification described in the previous paper (ior. n7.). The tips of the capsules 
were cut with fine scissors and the contents were well mixed and the vitamiii-A potency 
of the solution was on analysis found to contain 570 l.U. per g. (this is equivalent to 
496 l.U. per ml., theoretically it should have been 500 l.U pci c.c.). A similar prepara- 
tion was made with ethyl stearate of the specification dcsciibed in the previous paper 
and on assay was found to contain 513 l.U. of vitamm-A per g. 

This showed that vitamiu-A acetate did not undergo any initial loss of potency when 
dissolved in fatty esters unlike the free vitamin- A alcohol molecule. Both the prepaiations 
were then subjected to aeration (4 c.c. per second) witli i>urified and dried air. Samples 
w'ere withdrawn at intervals and assayed for vitamin-A content. The results are 
recorded in Table IV. 
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Table II 


Liquid paraffin. 


Darationof Without antioxidant. With 0.05% propvl With 0.05% propyl With 0.05% propyl 
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Table III 


Peroxide formation of vita^yiin-A alcohol in liquid pataffin. 

Cone, of vitamm-A = iioo I.U./g. 

Duration of 
aeration.^ 

Without aniioxidant. 

Peroxide value 

(ml. of 0 ooaN-thio per g.) 

With o.o.s% propyl gallate. 
Peroxide value (ml. of o.ooaN- 
thio per g.- 

n hr 
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Table IV 

Vitai»in-A acetate system -uiithout antioxidant. 


Duration of 
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Vitfimin-A acetate in cthvl oleate 
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Table V 
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of vitamin-A in various systems. 
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Arachis oil 
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It is apparent from the results so far obtained that the cause of deterioration of 
vitamin-A is due to a sort rf oxidation in the molecule with the formation of a peroxide- 
like body (type VI). The formation of such peroxide body has been lowered by about 75% 
on addition of an antioxidant in liquid paraffin cum vitamin-A system (vide Table 
III). From Table I it will be noticed that the loss of vitamin in ethyl oleate, when 
adjuvated with 0.05% diniethylhydroquiiione, is 75.1% after 177 hours* aeration and this 
compares well with the system containing no antioxidant, whereas monomethylhydro- 
quinone (005%) protects 69.7% of the vitamin -A potency. Fiom this and also from the 
protective action of propyl gallatc (cf. part I, loc. cit.) it appears that for exerting antioxy- 
genic function the compound must contain one or nioie free phenolic hydroxyl groups. 

The function of the hydroxy antioxidant most probably lies in the formation of some 
complex of the type (VII) and theieby picventing the vitamin-A alcohol molecule from 
absorbing oxygen at the unsatuiated linkage present in the ^-lonone ring (the 11101 e 
susceptible bond ol the molecule) to form a peroxide of the natuie (VI). This is some- 


Fig. I 



Hotifs of actation 

Curve I— Liquid paraffin -h vitamin- A 

II_ „ + „ 4- antioxidant 

III— „ + .. + 


+ oleic acid 
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what substantiated by the fact that the loss of vitaniiii-A potency comes down to 44.6% 
from 79.8% after 191 hours’ aeration when the vitamin in saturated diluent (liquid 
I)araffin) contains an antioxidant (cf. Tabic II and the curves 1 and II, Fig i). 

But during the formation of the complex of the type (VH), where the antioxidant 
becomes bound with Ihc vitamin-A molecule, there would be gradual shortage of the 
antioxidant till it is exhausted and would thereby cease to cxeiT its antioxygenic function 
any more. In order to maintain its function the antioxidant needs regeneration from 
the complex by some hydrogen donating substance when tliL vitamin-A also wdll be free 
again io exert its characteristic reaction. The continuity of the supply of antioxidant 
to the system and the maintenance of vitamin-A will then remain practically unaffected. 
vSirch regeneration of tlie antioxidant may be seen from Table il and also from the curves 
II and III of Fig. r, where trace of oleic acid as well as water, l)oth of which have 
ionisable hydrogen atom individually , helps the ant o dant to maintain the vitamin-A 
potency in liquid paraffin to a higher degree than the s, tern containing no such hydrogen 
donator. 

Il is interesting to note that the loss of vitamin-A liquid paraffin system contain- 
ing antioxidant and some hydrogen donating substa e compares well w’ith the systems 
containing CwSters or glycerides with antioxidant (vide Tables I, II and V). 

The above jicstiilate on the mode of function of the antioxidant and its regenera- 
tion may be extended to the case of esters or glycerides. In presence of an antioxidant 
an ester or glyceride, natural or synthetic, seems to play a [)ait like that of oleic acid 
when added to a solution of vitamin-A in liquid paraffin. From the data in Table V il 
will be evident that a similar inhibition is obtained when the vitamin is dissolved in a 
pure ester or glyceride w'ith an antioxidant. Thi^ inhil)iiing action may he attributed to 
the incipient formation of free acid in Ibc system which in tiiin regenerates the antioxi- 
dant from the complex of the lyj'e (VH). The mode of reaction of the antioxidant with 
vitamin-A molccnle may be rei leseiiled as follow^ : 
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The vitamin-A alcohol (type I) containing conjugated double bonded systems may 
undergo a prototropic change and in the return of the proton the 5 and 14 carbon atoms 
of the conjugated system may become activated (cf. type \) and foim a peroxide of the 
type (VI). In presence of hydroxy-phenolic antioxidant it may, however, form a complex 
(type Vli). The latter under the influence of a hydrogen donating substance would 
undergo fission to regenerate the antioxidant and the vitamin to play their respective role. 

The leplacenient of the mobile hydrogen atpin of the vitamin-A alcohol by esterifica- 
tion would tend to lower its prototropic change and consequently :ts susceptibility to 
receive an electronic charge. This w^ould prevent the formation of pei oxide-like body 
of the type (VI). Most probably it is for this reason that prepaiations made with 
vitamin-A acetate in ethyl stearate or even with ethyl oleate w’ithout the presence of 
antioxidant retain the vitamin-A potency on aeration to a degree comparable to prepara- 
tions made with vitainin-A in alcohol in presence of antioxidant (vide Tables IV and V). 

It has been noticed that the vitamin-A alcohol, when dissolved in glycerides or 
esters, loses a portion of its potency, whertas in the case of vitamin A acetate no such 
initial loss has been experienced. In liquid paraffin medium too, no initial loss 13 noticed 
with vitamin-A alcohol. It appears that the antioxidant is not functioning to react with 
the peroxide already formed in the system but exerts its influence to prevent the further 
formation of the peroxide. The reported stability of Neo-vitaniin-A may also be studied 
from this angle. Further investigations are be^pg continued 

Conclusion 

The antioxidant must contain a phenolic 'OH' and its anlioxygenic function is 
enhanced by suitable hydrogen donator. The vitamin-A alcohol is susceptible to the 
easy formation of a peroxide which is retarded by the presence of an antioxidant. The 
vitamin-A ester, howevert is less susceptible to oxidation. 

BSMGAL IMMUNIVY RBSBARCB INSTIXUXB, 

OALCum, RiCiived June 6 , 1949. 
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BROMINATION OF COUMARINS. PART II. BROMINATION OF 
6-HYDROXY-4-MKTHYLCOUMARIN AND ITS METHYL ETHER 


By Vijay Jayawant Dalvi and Surrsh vSethna 

6-IIydroxy-i-methylcouiiiann and its methyl ether have been brominated and mono, di-and tribronio 
derivatives obtained. 


In continuation of the work riescribed in part I (this Journal, 1049$ 26 , 359) the 
bromination of 6-hy(lroxy-4 niethylcouinarin and its methyl ether has been studied. 


Borsclie (Bcr., 1907, 40 , 2732) carried out the bromination of 6-hydioxy-4-inethyl- 
coumarin with two molecules of bromine and arbitrarily assigned the constitution of 
6-hydroxy-5 : 7-dibromo-4-mL‘thylcouuiarin to the product obtained. In the bromination 
of 7-hydroxy'4'methlycoumariii (part 1) it has been found that the first bromine atom 
enters the 5-posilion and the ‘subsequent bi online atoms enter the benzene ring. It was 
therefore of interest to study the bromination of 6-hydroxy-4'methylcoumariii and its 
methyl ether systeiiiaticall> . 
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6-H3^droxy-4-inelhylcoumai 111 ( 1 , R = II) on bromination with one molecule of 
bromine did not give a pure product. Its methyl ethei (I, R=Me), however, under 
the same conditions of brf)niination gave a bromo compound to which the structure of 
6-methoxy-3-bromo*4-methy]coumarin (lI,R = Me ; R'=R'' = H) was assigned, as it gave a 
coumarilic acid derivative (ill, R =- Me; R' = R"=" H) on tiLatment with alkali. This 
inetlioxy broiii )eouiiia'‘i.i 01 de iK*thvl iiioii with aiiliydious aluminium chloride gave 
6-hydroxy-3-biomo-4-methylc()umari 1 > 11 , R = R'= R'' -= H). 

6-lIydroxy-4-melhylcouinarin 011 biomimition with two molecules of bromine in 
acetic acid at the teniiieraturc of the water-bath gave a dibronio compound (A, in.p. 
276-80°). However, when the bromination wascairied out in acetic acid solution w'itli 
two molecules of bromine in presence of sodium acetate, t.s done by Borsclie Hoc, ciL), 
another dibromo comiiound (B, m.p. 201-203'*), probably Identical with Borsches derivative 
(ni.p. 202-203°), w^as obtained. Borsclie has arbitrarily assigned to it the structure of 
6-hydroxy-5 : 7-dibromo-4-incthylcouinarin. Boih the compounds (A) and (B) were 
methylated. Both the dibroniocouniariiis on hydrolysis gave coumarilic acid derivatives, 
thus indicating that one of the bromine atoms in both was in 3-position. The other 
2— i7aiP,— 10. 
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bromine atom must therefore be either in the 5- or in the 7-position. The structure 
assigned by Borsche to the dibromocoumai in is llietefore incorrect. The structures 
of 6-hydroxy-3 : 7-dibromo-4-methylcoumarin (II, R = R'==H; R"=Br)and6-hydroxy- 
3 ; 5 dibioino-4 methylcoumariii (II, R = R" = Ii; R' = Br) are provisionally assigned on 
stereochemical grounds to (A) and (B) respectively. 

If we assume that in the coumarin ring system the double bond is hxed between the 
benzene ring and the «-pyrone ring (cf. Mills and Nixon,/. Chcni- Soc., 1030, 2510; 
Rangaswami and Seshadri, Proc- Ind. Acad. .Sr/., 1941, 14A, 547; Thakor and Shah, 
Uuiv. Bombay, 1947, XVI, Part 3, p. 38) the 5-position ought to be more reactive than 
the 7-position, because there is a double bond between the fifth and the sixth carbon atoms 
and the sixth carbon atom caiiies the hydroxyl giou[) Q*'ormula IV). However, owing to 
the steric hindrance of the hydroxyl group in 6-positiou and the methyl group in 
4-position, the bromine atom is not likely to enter the s positioii with ease. In the case of 
the brominatioii of 6-niethoxy-4-methylcoumarin the steric hindrance will be more marked 
due to the methoxy group and therefore it is presumed that the only dibromo product 
obtained on bromination may be 6-melhoxy-3:7-dibroino-4-methylcoumarin (II, R = xVIe; 
R'=-I1, R" = Br). This compound is identical wdlh the methyl ether of (A) ; therefore A 
is probably 6-hydroxy-3:7-dibromo-4-methylcoumarin. It follows therefore that (B) must 
be 6-hydroxy-3:5-dibroiiiO‘4-methylcoumarin. 

Both (A) and (B) on further bromination gave the same 3:5: 7-tribromo derivative 
(II, R==H, R'=R"=Br) which was also obtained on bromination of 6 hydroxy-4- 
methylcouniariii with excess of bromine. Attempts to [)repare the iribroino derivative 
ol 6-niethoxy-4-methylcouniarin did not succeed, only the dibromo compound was 
obtained. 


X p K R I M E N T A h 

6-Hydroxy-4-iiiethylcoumarin was prepared according to Boische Uac. cit.) and 
methylated with dimethyl sulphate and alkali (Desai and Mavani, Proc. Ind. Acad- Sci., 
1942, 16A, ii). 

6-Meihoxy-^-bromO’^’meihylcoumaTin. — The coumarin (I, R = Me ; 1.9 g.) was 
dissolved in acetic acid (10 c.c.) by healing, and bromine (1.6 g , i mol.) in acetic acid 
(16 c.c.) added to the hot solution. The reaction mixture was allowed to stand for 4 
hour*^ and then diluted with water. The separated solid was crystallised from dilute 
alcohol in faint yellow glistening needles, m.p. 125 27®, yield 1.5 g. (Found: Br, 29.9. 
CiiHoOgBr requiies Br, 29.7 per ceiitj. 

6 ’Hydfoxy-^ -bromo-^~mctliylcoumarin, — 6 -Methoxy - 3 - bromo - - methylcoumarin 
(1 g.i w^as intimately mixed with powdered anhydrous alumiiiiuin chloride (4 g.) and 
the mixture was [^heated in an oil-bath at 150° -160° for 3 hours. It was then cooled 
and treated with ice and concentrated hydrochloric acid and the solid obtained was 
tfiystallised from acetic acid in yellow needles, m.p. 258-60®, yield 0.6 g. (Pound: 
Br, 31.2. CioHrOsBr requires Br, 31.4 per cent). It forms orange-yellow alkali salts 
which are sparingly soluble in water. 
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5- Methoxy-’S-methylcoumarilic Acid — The bromocouniarin (II, R=:Me, R'“R" = H) 
(i g.) was refluxed with potassium hydroxide solution (i N, 20 c.c.) for 3 hours. 
It was acidified and the precipitated solid was crystallised from dilute acetic acid in 
small white plates, m.p. 208° (decomp.), yield u.6 g. (Found : C, 63.8 ; H, 4.7. 
CiiH,o 04 requires C, 64.1 ; H, 4.8 per cent). It gives a violet coloration on warming 
with concentrated sulphuric acid. 

6 - Hydroxy-:^: 7 {or ^•dibromo-^-meihyicoumarin (A).— The coumariii (I, R=H) 
(1.76 g ) was dissolved in acetic acid (15 c.c.) by heating and bromine (3.2 g., 2 mols.) 
in acetic acid (32 c.c.) added. The reaction mixture was heated on a boiling water-bath 
for 2 hours. The product which separated out was crystallised from acetic acid in 
small yellow plates, m. p. 276-80*^, yield 1.2 g. (Pound : Br, 47.6. CioHoO.-, Br^ requires 
Br, 47.9 per cent). 

The methyl ether of the above bromocouniarin was prepared by refluxing it with 
methyl iodide in acetone solution in presence of anhydrous potassium carbonate, 111. p. 

205-207’’. (Found : Br, 45.9. CnHaOaBra requires Br, 46.0 per cent). This was found 
to be identical with 6-methoxy-3 : 7 (or 5)-dibromo-4-melhylcoumarin (described below' 
prepared by the direct bromiiiation of 6-methoxy*4-methylcouniarin. 

6 -HydToxy-^: 5 (or j)‘dibromo-4‘methylcoumarin (B ). — The coumann (I, R = H) 
(1.76 g ) and crystalline sodium acetate (3.5 g.) were dissolved in acetic acid (30 c.c.) 
by heating and bromine (3.2 g., 2 mols.) in acetic acid (32 c c.) added gradually with 
shaking to the hot solution. The product which separated out on cooling was crys- 
tallised from dilute alcohol in silky white needles, m. p. 201-203 , yield i 5 g- (Found . 
Br, 47.8. CioHftOaBra requires Br, 47.9 per cent). It forms orange-yellow alkali salts 
which are sparingly soluble in water. 

The methyl ether of the above bromocoumarin was prepared by refluxing a solution 
of the bromocoumarin in acetone with methyl iodide and anhydrous potassium carbonate 
for 20 hours, m. p. 212-14°. (Found : Br, 45.6. CiiHgOsBrj requires Brr 46.0 per cent). 

6 -Methoxy-^ :7 (or ^}-dibromo -4 mefhylcoumarin . — The coumarin (I, R = Me; 2 g.) 
was treated with liquid bromine (5 c.c., excess) and the mixture was allowed to stand 
for 48 hours. The residual solid was treated with sodium bisulphite solution to remove 
the excess of bromine. The product obtained was crystallised from acetic acid in silky 
white needles, m. p. 205-207^', yield 2.5 g- Mixed melting point with the methyl 
ether of the dibromocoumariii (A) was not lowered. Mixed melting point with the 
methyl ether of the dibromocoumariii tB) was lowered to 182'^. The same dibromo 
product was obtained when the bromination was cairied out with excess of bromine 
in presence of sodium acetate. 

$-Meihoxy -6 (or /['^-bromo-ymethylcoumarilic Acid. 6-Methoxy-3 7 or 5 - 
dibromo-4.metliylcoumariii (i g.) was refluxed with potassium hydroxide .solution 
(1 20 c. c.) for 3 hours. The solid separating on acidification was crystallised from 
acetic acid in while needles; 111. p. 274-76° tdecomp.), yield 0.6 g. (Found : Br. 28.2. 
C,iH904Br requires Br, 28.1 per cent). It gives a violet coloration when warmed 
with concentrated sulphuric acid. 
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yHydroxy-^ior 6)-bromo-3’methylcoutnarilic Acid . — The dibroinocounia riH'lB, i g.) 
was refluxed with sodium carbonate solution (5%, 20 c.c.) for 3 hours. The solid 
obtained on acidification was crystallised from dilute alcohol (charcoal) in brownish 
yellow shining needles, in. p. 238-40'’ (decoinp.). (Found: Br» 29.5. C,oH704Bi‘ 
requires Br, 29.5 per cent). 

b-Hydroxy-i 5 : 7-iribiomo-4-incthylcouma)iH.—'['hG couniarin (I, R = H) (2g.' 
was treated with liquid biomine (5 c-c-. excess) and the reaction mixlure was 
kept lor 48 hours. The residual solid was treated with sodium bisulphite solution to 
remove the excess of bromine and crystallised iroin acetic acid in short colorless needles, 
m. p. 196-98°, yield 2.8 g. (Found . Br, 58.1. CioIlsOaBr., requires Br, 58.1 per cent). 
It forms orange-yellow alkali salts which are simriugly soluble in water. 

The methyl elhn of the above compound was iirepared by refluxing it with methyl 
iodide in acetone solution in presence of anhydrous potassium carbonate. It was 
crystallised from acetic acid in small, yellow needle,s, m. p. 174-76“. (Found : Br, 56.5. 
CiiHrOsBrj requires Br, 56.2 per cent). 

S-Iiydroxy-^'.b-dibromo-^-melhylcoumarilic Acid.- The bromocoumarin (II, R = II ; 
R'=R"=Br) (i g.) was refluxed with sodium carbonate solution (5%, 20 c.c.) 
for 3 hours. Tiie silid se[)ar.iting on acidification was crystallised from dilute alcohol 
(charcoal) in small biownish plates, m. |). 180“ (decomp.), yield 0.4 g. (Found :Br, 45.4. 
CioH„04Brj requires Br, 45.7 per cent). 

Thanks of the authors are due to Dr. K. C. Shah for his kind interest in the woik. 


Organic Chemistry Uepartmeni, 
Royal Institute op Science, 
Bombay. 


Ri'ceivi’d June 14 1949. 
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KLECTRODliPOSITlON OK BRONZE FROM A CYANIDE BATH 
13y D. Singh and N. N. S. Siddhanta 

Kletlrodepositioii of hroiizc from a hath coutaiiiin^ copper cyanide, sodium slaniiate, cyatiid^ and 
Inar.'xidt* of sodium was studied with respect to electrolyte cnnceiitration. cunciit densitv, duration of 
electrolysis, U-mperatuic and addition agents The optimum conditions f )i a satisfactory deposit on copper 
with rc'spect to these factors arc as follows : 

The electrolyte concentration is such that the ratio of copper t j Lin is 1 The optimum C. D is 0.76 
amp /dm^. t'athode elllciency at the (iptinunn C D. is O2.5 ( )ptimum duration of electrolysis is 20 

minutes Temperature of (kj* is found to he the most suitable. Inlluencc of addition agents like 
glycerol and sodium cliloridc is not well marked, though use of improves the deposit. 

T’hc bright silvciy coating of bronze is superior to that of nickel or tin for protecting 
iron, steel and oilier metals, as it is less susceptible to atmospheric corrosion. The electro- 
plated alloy is sui passed only by freshly plated silvei in reflcclivily and it is highly 
rcsistanl to abiasion. 'J'lie alloy can lie soldered as easily as tin. These and the like are 
some of the remarkaiile pioiierties of the alloy which attracted the attention of the 
electio[)later. Tlie work of Baier and Macnaugluaii \]. Elcctrodcp. Tah. Sol., 1936, 
11, 14) and of Becliaid iMclal Piogr., 29, No. 3, 43, 94 ; Chon, ZenirL, 1936, II, 

-3217) has shown that Cu-Sn alloy of dilTeieiit compositions can be deposited in a satisfac- 
tory and adhesive form from an alkaline solution of Xa.CulCN).., and Na2Sn03 at 65®, 
using either carbon or lironze anode. Bechaid ^Conipl. und , 1935, 200, 1737) has also 
studied tlie electrodepositioii of llie alloy from solulioiis of staiinic-ainiiionuini and copper- 
aniiiioniuiii oxalares. The information available in the li:eratiire on the quantitative 
data for bronze deiiosiiioii is very meagre. In tlie present investigation an attempt has 
therefore been made to study tlie deposition of the alloy quantitatively in regard to the 
influence of a number of factors. 


Experimental 

The electroly.sis w'as carried out ill a round glass trough, about 3' deep, and having 
a capacity of about 250 c.c. It was kepi imniersed in a thermostat and maintained at the 
desired temperature. The temperature of the bath solution was controlled within ±2®. 
The anode used w'as a well-cleaned thin plate of Cu-Sn alloy l8o%Cu and 20% Sn) of size 
3 X 2.5 sq. cm. A thin plate (5 x 2.5 cm. appiox.) of Cu (99.5%) serving as tlie cathode 
w^as first rendered free from grease by dipping it in a hot 10% caustic soda solution for a 
few minutes and then washing it with water ; it was next immersed in moderately strong 
nitric acid lo remove the surface .scale. The plate was then washed with distilled water 
and finally wrth alcohol, dried and weighed accurately when necessary. A copper 
coulonieter was used to give the measure of the quantity of electricity passed through the 
electrolyte. The couloineter solution was prepared according to Oettel’s recommendations 
{Chem. Ztg., 1893, *7, 543). The current was obtained from 220 volts D. C. mains ; the 
circuit consisted of an electrolyte bath, copper coulonieter, a precision type milliammeter 
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and an adjustable resistance in series, and a voltmeter connected across the electrodes in 
the bath. 

Two stock solutions were prepared : ^A) by dissolving Merck's pure sample of 
Cu(CN)a (62. 8g.) • nd NaCN (137 2 g.) in 1000 c. c. of distilled water ; (B) by dissolving 
SnCU. 5H2O (168.25 ft ) and NaOH (200 g.) in 1000 c.c. of water. In all the following 
experiments these stock solutions were used aftei mixing the requisite quantities of (A) 
and (B), and with Ihe appropriate additions of the other materials used in this work. To 
investigate the optimum conditions for a smooth, blight and adherent deposit of bronze 
the influence of the following factors has been studied over a wide range : 

I. Electrolytic concentration in terms of metal ion content (Table Ia). 2. Time 
(Table 1 b). 3. Current density (Table II). 4. lemperature (Table 111 ). 5 Addition 

agents (Table IV). 

The nature of the alloy deposit obtained in each of these experiments is also recorded 
as examined with a miciojcopc. The cathode efficiency was calculated by the relation, 

TOO X actual aniount of the allo y de posite d 

%Cathode efficiency — theoretical amount of the deposit 

'rABLK 1 a 


\'ariation of the concentration of ihe elecitclyte. 

C. D. = o. 76 am])./diir. Time = 20 minute.s Temp, of the batli = 6o" x 2”. Interelec- 
trode distance = I cm 5 aiipiox. Vol. of electrolyte = 200 c c. 


Metal ion com . 

Nature of deposit. 

Copper. 

Tin 


U.89001 g. 

t.i388g 

Uniform, adherent and red coloured deposit with coarse grain structure 

0.89001 

1.708a 

Good, bright and improved depisit with line grain structure 

0.89002 

a 2777 

Very good, bright, silvery, smooth, adherent and uniform deposit witli line 
gram structure 

0.89001 

8-8471 

Deposit becomes dull white, probably due to more of Sn being deposited. 



Table Ib 



Variation of time. 

Metalion cone: 011=089001 g. Sn = 2.2777. C. I). = o.76 amp./dm’. Tenip.= 
6 o ®±2°. Interelectrode distance = i cm. pn=i2.s approx. Vol. of electrolyte = 200 c.c. 

Time. 


Nature of deposit. 

5 min. 

Irregular crystals, red and shining deposit ^ 

lo 

Deposit shining and lustrous, fine grained and of unif »rni structure. 


15 Dep isit bright, silvery, smooth, adherent and uniform 

20 Still improved and highly satisfactory deposit. 

25 Deposit shows tendency to peel off and to become spongy and powdery. 

30 Depwit becomes black and being non-adherent, falls to powder on mere tapping tbe ^ 
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Ta^,8 II 


Effect of current density. 


Metal 

ion cone ; 

Cu= 0.89001 g 

. Sn = 2.2777 g. Intcrclectiodc clistancc= i cm 

Temp, of 

the hath = 60® 

' + 2®. Titnc= 

20 mins pn = 

12.5 approx. Vol. of electrolyte 

= 200 c.c. 






Wt of alloy deposit. 


Nature of depoMt 

C. D. 

(.imp./dni 2 ) 

Obs. 

Calc. 

Cathode 

cfficiencv. 


'>.64 

o.o236g. 

n.o6l4g. 

38.4% 

Reddi.sh deposit, more of copper 

0.68 

0.0339 

0.0653 

S2 0 

Deposit becomes reddish white 

0 72 

0.0420 

0.0691 

6.1.8 

Smooth, adherent, dull white dep; sit. 

0.76 

0.0467 

0.0730 

62. s 

Good, bright, silvery, smooth, adherent 
deposit with fine grained structure 

0.80 

0^470 

0.0768 

61 2 

Deposit blackens in colour, le.ss adherent 
with crevices. 

0.84 

0.0477 

0.0806 

50.2 

Non-uniform deposit, has tendency to 
peel off, deep crevices 


Tmh'lll 

Effect of temperature. 


Metal 

ion cone : 

Cu = 0.8900 1 g. 

vSn = ->.2777 K. 

Iiilerelectrode distaiice = i cm.- 

Temp, of 

= 200 c.c. 

the halh = 

60° + 2", riine = 

20 mins. pn = 1 

[2.5 approx. Vol. of electrolyte 

Temp. 

Wt. of alloy deposit 

Obs. Calc. 

Cathode 

elficiency. 

Nature of deposits 

20 * 

0.0234 g. 

0.0730 g. 

32.1% 

Smooth, bright, dull yellow deposit. 

30 * 

0.0322 

0.0730 

44.1 

Deposit of the same nature, but of 
golden vellow colour like brass. 

40" 

0.0367 . 

0.0730 

50.7 

Dn 

50 * 

0.0418 

0.0730 

.S 7-3 

Deposit becomes reddi.sli yellow in 
colour. 

6o* 

0.0456 

0,0730 

62.49 

Smooth, bright, silvery, adherent and 
uniform deposit with fine structure. 

70 * 

0.0449 

0.0730 

61.6 

Slightly burnt deposit. 

8o* 

0.0443 

0.0730 

60.7 

Burnt deposit. 
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Tabl» IV 


Effect of addition agent. 


Metal 

ion cone : 

Cu = o.8q()oi Sn = 2.2 

777 g. Interelectrode distancc=i cm. 

Temp, of 

the l)ath = 

60° ±2°. 

Tinie= 20 mill 

. Pu- 12 .S 

approx. Vol. of electrolyte 

= 200 c.c. 






AdHilion 

Amount of 

Wt. of 

alloy depo.sit 

Cathode 

Nature of deposit. 

agent (A). 

(A) in 


edicicncy 



1000 c.c. 
of soln. 

Ohs. 

Calc. 



Glycerol 

5 <' c 

0 0^56 g 


62.5% 

.Satisfactory depjsit t'f bronze. 


H) 


0.0730 g. 

62.2 

Deposit slightly turns yellow. 

Yellow colour incrca'^cs. 


2 t> 

0.0451 

62.2 


30 

0.0450 


61.7 

Yellow, brass coloured deposit. 

NaCl 

,s g. 

0.0456 


62.5 

Bright, .«ilyery, adherent and uni- 






form depo.sit. 


10 

0.0458 


62.7 

Improved deposit. 


20 

0.0464 

f’- 073 ‘^ g- 

63.4 

65.6 

>> »> 


30 

00 

0 

c 


>> >> 


/jO 

n.0471 


64.9 

Deposit becomes dull and dark. 


5 (» 

0.0466 


f'3.7 

Increasingly dark deposit. 

HA 

5 c.c. 

0.0^56 


62.5 

Good deposit. 


in 

0.0462 


63.3 

Deposit improves in brightness 






and uniformity. 



t) 0480 

".0730 g 




20 



Still fnither improvement in tht* 






deposit. 


3 ‘"' 

0.0486 


66.5 

Do 



0.0484 


66. 18 

Do 


5 " 

0.0^1 80 


g 

Deposit shining and uniform, but 


sliglilly Slackening effect. 

Discussion 

The results in Tabic 1 a show that silvery, btight, lustious and adherent deposit with 
fine grained structure is obtained from the bath solution containing the, metal ion con- 
centration : Cu, 0.89001 g., Sn, 2.2777 g. at the C.D. employed; stronger and dilute 
solutions are found to yield less satisfactory results. The copper and tin ions of the 
plating solution are furnished by the double copper cyanide and sodium stannate; the 
salts dissociate as : 

Na2Cu(CN), jNa* + Cu(CN)J NaiSnO, aNa* +SilOi “ 
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This ionisation produces no copper or tin ions, but the complexes further ionise to a 
very small extent, 

Cu(CN)5 <■■■■■ ^ Cu^ + 3 CN“ ; SnOi-+ 3 HaO ^==3^ Sn eOH" 

There is thus produced a favourable condition for electrodeposition ; the metal ion con- 
centration is low, but there is an iiiexlnustible reserve supply to replace the few metallic 
ions as fast as they are rcinovcd. 

Our results in Table In show that witli the increase of time fup to 20 ininsj the 
deposit becomes finer. Adliesivity is also unproved. It is inieresting to note that 
at constant C.l)., concentration, temperature etc., the deposit, which is initially 
bright and adherent, tends to become, as the time elapses, loose, iiowdery, non-adhes- 
ive and black (cf. Table 1 n). This can be attributed to the increased alkalinity 
of the bath due to liigh anodic efficiency with the progress of electrolysis and subsequ- 
ent inclusion of the basic hydroxide in the cathode deposit. Knrda’s findings (Z. 
physikal. Chem., 1936, 176 , 377) lead to similar conclusions. 

The data recorded in Tables II, III and IV show that the nature and magnitude 
of an electrodeposit is influenced by a number of physicocheinical factors. These 
are discussed conveniently in respect of cathode efficiency which is too % under ideal 


Fig. I 
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c9a^iti$!ps. It$ diminution ii> chiefly due to the occurrence of side reactions, e.g., 
evolution of hydrogen at the cathode, or the formation of molecular or ionic complexes 
in the conducting system. The results in Table II (cf. curve I in Fig. i) show that 
at constant values for concentration and temperature the current density exerts a pro- 
nouncedly marked influence on cathode efficiency of the bronze deposition which varies 
within wide limits from 38.4% at C.D. 0.64 amp. /dm" to 62.5 % at C D. 0.76 amp. /dm*. 
Very low efficiency at low C D. is ascribable to the appreciable part of the current being 
utilired in discharging hydrogen at the cathode. With increase in C.D. up to 0.76 
amp. /dm* this evolution is appreciably inhibited due to the corresponding increase in 
the hydrogen overvoltage; with further increase in C.D. io.76 amp. /dm* to 0.84 amp./ 
dm*) the efficiency diminishes obviously due to hydrogen evolution, caused by a 
rapid depletion of the metal in the cathode film during electrolysis. At low C-D. only 
copper is deposited at the cathode since the normal electrode potential of copper 
IIcu is considerably greater than 11 sn in these solutions. With the increase in C.D. 
and tem])erature the deposition potentials of copper and tin from cyanide and alkaline 
stannate solution approach one another very closely. At C.D. 0.76 amp./dm* and 
60°, the simultaneous deposition of the two metals is possible. Hence in order to 
obtain the alloy deposit, the C.D. over the whole c.ithodc must not be less than 0.76 
amp./dm* and the temperature of the bath must be more than 60" (Table III). 

Fi-om a study of the data shown in Table 111 (cf. curve II, Fig. i) at constant 
C.D. the quality of the deposit is seen to improve by increasing the temperature 
up to a certain extent (about 60*) and to deterioiate at higher temperature (80°). The 
cathodic efficiency also increases with rise in temperature steadily up to 60” and then 
slows down and remains almost constant at higher temperatures. Increase of temper- 
ature has two opposing effects ; in the first place it favours the diffusion and tends to 
pioduce a unifoim and fine grained deposit, but, on the other hand, it decreases the 
velocity of the crystal growth and thus fosters the formation of coarse deposits. At 
moderate temperature the influence of the first factor is generally iiredominating, but 
at higher temperatures the second is increasingly operative 

The data recorded in Table IV show that there is no precise relation of the cathode 
efficiency with the proportions of an addition agent in the electrolytic bath. In presence 
ot NaCl and HjOa, bright, lustrous deposits are obtained with increased efficiency (curves 
IV and V' respectively. Fig. i), possibly due to hydrogen evolution at the cathode 
being considerably arrested ; their increased concentration, however, produces dark 
deposits. The addition in traces of glycerol (0.5 %) gives satisfactory depo.'its but 
with the further addition the deposit becomes spoiled and the cathodic efficiency decreases 
slightly (curve III, Fig. t). 

Authors are highly indebted to Dr. S.S. Joshi, for suggesting the problem and 
giving valuable help and criticism during this investigation. 
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ESTIMATION OF BISMUTH. PART VIIL GRAVIMETRIC ANALYSIS 
WITH PHENYLARSONIC ACID 

By Anil Kumar Majumdar and Ramendra Nath Sen Sarma 

With the reageut phenylar sonic acid, bismuth can be estimated up to a pn as low as 2, and 
in presence of nitric acid over a pa range of about 2 to 3, it can be separated from zinc, 
manganese, nickel, cobalt, alkalis, alkaline earths, etc. Zinc coprecipitates at a pa over 3. Ih'smuth- 
manganese separation can also be undertaken in presence of diiimonimn acetate-acetic acid buffer 
without adding cyanide. The method foi the separation of bismuth from lead has been recommended 
with a little modification to avoid tedious purification procedure. 

The reagent phenylarsonic acid was used for the estimation of bismuth in presence 
of a large number of elements (Majumdar, this Journal, 1944, 21 , 119, 187, 188). 
There bismuth could not be separated from zinc and manganese in presence of cyanide 
due to instability of the cyanide complexes of those two elements under the conditions 
of the experiments. In a subsequent paper (Majumdar, ibid., 1945, 22 , 31.3) it has been 
shown that bismuth can also be estimated in presence of dilute nitric and acetic acids. 
In this paper a study of the pa ranges over which bismuth can be accurately 
estimated and, if possible, its separation from other elements at lower pn ranges has been 
made. Moreover, the method suggested for the separation of bismuth from lead 
(Majumdar, ibid., 1944, 21 , 119) has been modified to avoid the tedious procedure 
which is time eoiisumiiig because of the vslow addition of ammonium acetate solution. 

During this investigation it was found that bismuth could be accurately estimated 
up to a pu as low as about 2, and that during a bismuth-zinc separation, zinc coprecipi- 
tates at a pB over 3 and that bismuth could be separated from zinc, manganese, nickel, 
cobalt, alkalis, alkaline earths, etc. in presence of nitric acid and that bismuth could 
also be separated from manganese in pieseuce of ammonium acetate-acetic acid buffer 
without the addition of cyanide. As phenylarsonic acid does not produce any precipitate 
with the salts of alkalis aud alkaline earths, the estimation of bismuth may further be 
conducted in their presence. 


Exi^erimentai. 

Reagents and Standard Solutions, — Except where specifically mentioned, the 
chemicals used were all of reagent quality. Reagents were ( i ) prepared and recrys- 
tallised phenylarsonic acid of m. p. 157® , {ii) a 10% solution of aninioniuin acetate in 
water, {Hi) a aW-acetic acid solution, (iv) a 65% solution of nitric acid, (v) ammonia 
solution prepared by passing ammonia gas through cold water. 

Standard solutions of bismuth, nickel and cobalt were prepared in the same way and 
from the same reagents as was reported in an earlier paper (Majumdar, this Journal, 1944. 
21 , 119). Bismuth content of its standard solution was further checked by estimating 
as phenylarsonate (loc, cit.). 
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Metallic lead was dissolved in nitric acid and diluted with water to a definite volufiie 
and the lead content per c. c. of the solution was determined as sulphate. 

A manganese nitrate solution was ])rcpared from manganese carbonate of B. D. H. 
and by the pyrophosphate method its manganese content was determined from a 
measured quantity of the solution. 

A solution of zinc nitiate was prepared Iroiii metallic zinc and the zinc content pei 
c c. of the solution was determined by the pyrophosi>hate method. 


Analytical Procedure _ 

Study of pH ranges, hor the study of the loivei pu range over which bismuth could' 
be completely precipitated, 5 c. c. of the standard bismuth nitrate solution were evapora- 
ted to dryness on a water-bath. The residue was dissolved by the addition of a few 
drops of concentrated nitric acid (65%). 1% Solution of phenylarsonic acid (loc.c ) in 
water was added to the solution which was then diluted to about 350 c. c. The mixture 
was then heated to boiling with stiring till the precipitate became crystalline. The 
precipitate was nlteied, washed, dried and weighed exactly according to the method 
reported in a previous pai^-r (loc. cit.). The />„ of the idtrate from the precipitation of 
bismuth was measured in each test by means of the quinhydrone electrode. The results 
are given in Table I. 


Tam,e I 


No. 

Bi taken. 

VVt. of ppt. 

Bi found 

hi , 

Rrror, 

1 

0.0289 g- 

0.0592 g. 

0 0290 g 

4.6 

+0.0001 g, 

2 

0.0289 

0.05S8 

0.02S8 

3.43 

— O.OOOI 

3 

0.0232 

0.0476 

0 0233 

3-2 

+ 0.0001 


If 

0 0476 

0.0233 

^'7 

+ 0.0001 

5 

f t 

0.0472 

0.0231 

-i -3 

— 0.0001 

6 

0.0289 

0.0590 

0.0289 

- 2-3 

Nil 

7 

0.023a 

0.0472 

0.0231 

2.0 

—0.0001 

8 

( 

00474 

0.0232 

2.1 

Nil 

9 

>1 

00474 

0 0232 

2.1 

Nil 

10 

If 

0.0468 

A 

1-95 

— 0.0003 

11 

»» 

0.0466 

0.0228 

1.9 

-0.0004 

12 

ft 

0 0468 

0.0229 

1.85 

-0.0003 


By varying the amounts of nitric acid (1-3 drops to 5-6 drops) used in the dissolution 
« the dried residue, the hydrogen-ion concentration of the solutions was varied. 
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Separation of Bismuth from Zinc 

For llie estimation of bismuth in presence of zinc from a nitric acid solution 
containing both the iiietalsaiid free form chloride, sulphate and other interfeiing elements, 
the procedure as described above was followed But for the study of the coprecipitation 

of zinc, to the nitric acid solution of metals were added a few c c. (15-16 c. c.) of the 

reagent solution (i%) and the solution was neutralised with dilute ammonia, using 
thymol blue as indicator (acid range, i 2 to 2.8). A few drops of dilute ammonia were 

then added in excess and the solution was diluted to 250 c.c., heated to boiling, etc. 

as mentioned above. To study the effect of different /^h, the amount of excess ammonia 
added was varied. Results are shown in Table II. 


Table II 


No. 

Bi takeu. 

Zii taken. 

Wt.of ppt. 

Bi found. 

/>ii. 

Error 

1 

0.0289 g. 

0.05025 g. 

0.0592 g. 

0.0290 g. 


+0.0001 g. 

2 

0.0289 

0.05025 

0 0590 

0.0289 


Nil 

3 

0,0289 

0.1005 

Q.0588 

0.0288 

2.4 

—0.0001 

A 

0 0289 

0.1005 

0.0593 

0.0291 

2.6 

+0.0002 

5 

0.0232 

0.15075 

0.0476 

0 0233 

2.4 

+0.0001 

6 

0.0232 

0.15075 

0.0474 

0.0232 

3.35 

Nil 

7 

0.0232 

0.2010 

0.0474 

n 023^ 

2.3 

Nil 

8 

0.0232 

0.2010 

0.0472 

0 0231 

2-35 

-0.0001 

Q 

0.0232 

0.3015 

0,0474 

0 0232 

i .3 

Nil 

Id 

0.0232 

0.3015 

0.0474 

0 0232 

2.4 

Nil 

11 

0.0232 

0.05025 

U.0476 

0.0233 

3-1 

OOOQl 

12 

0.0232 

0.1005 

0.0472 

0.0231 

3.1 

-0.0001 

13 

0.0232 

0 1005 

0.1940 

0.0952 

4.1 

+0.0720 


0.0232 

0.05025 

0.0670 

0.0329 

3-55 

+0 0097 

15 

U.0232 

0.05025 

0.0900 

' .0442 

3.7c 

+ 0 0210 


Separation of Bismuth from Manganese, Nickel and Cobalt 

Here the procedure followed was the same as has been described under the '‘Study of 
pH ranges'*. Results are given in Table III. 
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Table III 


No. 

Metals taken. 

\Vt of ppt. 

Bi found. 

pu. 

Krror 

1 

Bi 

0.0232 g. 






Mn 

0.0408 

0.0474 

0.0233 g. 

2.2 

Nil 

i 

Bi 

0.0232 






Mn 

U.0408 

o .'^472 

0.0231 

2.2 

— O.OUOI g 

3 

Bi 

0.023'> 






Mn 

0.0817 

.).0474 

0.0232 

2.1 

Nil 

4 

Bi 

0.0232 






Mn 

0.0817 

0.0474 

0.0232 

2.1 

Nil 

5 

Bi 

0.0232 






Mn 

0.122.5 

0.0474 

0.0232 

2.14 

Nil 

6 

Bi 

0.0232 






Mn 

0.1225 

«».o^72 

n.02.31 

2.10 

—0.0001 

7 

Bi 

U.0232 






Mu 

0.1634 

<»u 475 

''.0233 

2.14 

4 -o.oot>i 

8 

Bi 

0.0232 






Mu 

0.1634 

0.0174 

0.0232 

2.2 

Nil 

Q 

Bi 

0.0232 






Ni 

0.2012 

0 0474 

O.0232 


Nil 

10 

Bi 

0.0232 






Ni 

0.1006 

0 . 0^72 

0.0231 

2.7 

— 0.000 1 

xz 

Bi 

0.0232 






Co 

0.1140 

0.0472 

0.0231 


-0.0001 

12 

Bi 

0.0232 






Co 

0.228 

0.0474 

0.0232 

2.2 

Nil 


Separation of Bismuth from Manganese in presence of Ammonium 
Acetate-acetic Acid Buffer 

i 

After the addition of lo to 12 c.c. of the reagent solution (1%) to the nitric acid solu- 
tion of bismuth and manganese, it was neutralised with dilute ammonia (using Wesse- 
low’s indicator] and acidified with 2 c.c. of a-iV-acetic acid. Ammonium acetate solution 
(10 c.c., 10%) was then added to the solution which was then diluted to 250 c.c., heated 
tp boiling etc. as described under the ‘‘Study of Pn ranges”. The results are given 
in Table IV. 
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Table IV 


No. 

Ri taken. 

Mn taken. 

Wt. cf ppt. 

Ri found 


Error. 

1 

0.033a g. 

0.0408 g. 

0.0472 g. 

0.0231 g. 

5-0 

- OOOl g 

2 

0.232 

0 0^08 

0.0474 

0.0232 

.S-r 

Nil 

3 

0.0232 

0.1225 

0.0472 

o.o?3i 

4 - 9 .‘> 

—0.0001 

-1 

('.0232 

0.1634 

0.0474 

0.0232 

5 0 

Nil 



Separation of Bismuth from Lead 


A nitric acid solution of bismuth and lead was e\\.])oratccl to dryness on a water- 
bath. The dried residue was dissolved by treatment with a few drops of nitiic acid and 
to it were added 3 to 4 c.c. of a 5% solution of the reaRont phetiylarsonic acid. If any 
precipitate formed due to the addition of the reagent, that was also dissolved with the 
addition of a few drops of nitric acid. To this solution was then added an excess of 
ammonium acetate solution and diluted to 250 c.c., heated to boiling with stirring till 
the precipitate was crystalline. The precipitate was then filtered, washed, dried and 
weighed as usual (loc. cit.). Results are given in Table V. 




Tablk V 



No. 

Ri taken. 

Pb taken 

. Aninioninm 
acetate. 

Wt. of ppt 

Ri found. 

Error. 

I 

0.0289 g. 

n.0491 g. 

10 C , i ' 

0.0392 

0.0290 g. 

4 - u. 000 1 g. 

2 

0.0289 

0.0491 

5 ” 


0.0289 

Nil 

3 

0.0289 

0.0982 

50 

0.0590 

0.0289 

Nil 

4 

0.0289 

0.0982 

50 

0.0592 

0.0290 

4 - 0.0001 

5 

0.0289 

0-1473 

50 

0.0590 

n.0289 

Nil 

6 

0.0289 

0-1473 

50 

0.0592 

0 0290 

-fo.oooi 

7 

0.0289 

0.1964 

50 

*>.0588 

0.0288 

-0.0001 

8 

0.0289 

0.1964 

tn 

n.0590 

0.0289 

Nil 

, 9 

0.0289 

0.2946 

70 

0.0592 

0.0290 

4-0.0001 

10 

0.0289 

0.2946 

70 

0.0590 

0.0289 

Nil 

II 

0.0578 

0.0491 

50 

0.1184 

0.0580 

4-0.0002 

IS 

0.0578 

0.0491 

.SO 

0,1182 

0.0580 

+ 0.0003 
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Conclusion 

Pheaylarbonic acid can be suitably used as a reagent foi the estimation of bismuth 
in presence ot a large numlx:r of elements. Thus, in presence of nitric acid, over the 
pH range 2 to 3, bismuth can be sepaiated from zinc, manganese, nickel, cobalt, alkalis 
and alkaline earths. In pi esence of ammonium acetate-acetic acid buffer, it was separ- 
ated from alkalis, alkaline earths, lead, mereuiy, mangane.se, thallous and sulphate 
ions ; also under the same condition it was sepaiated from silver, copper, cadmium, 
cobalt and nickel using potassium cyanide as a complex forming agent. Its separation 
from zirconium, thorium and tin depends upon the precipitation of those ihetals in 
stronger acid solutions when bismuth phenylarsonate remains in solution 

The authors’ best thanks are due to the authorities of the College for giving them 
facilities for this work. 

Received May 26,1949. 

Inoroanic Chemistry Laboratories, 

CouroF or Engineerivg & Technoiogy, 

Jadabpur, Caicuiia-32 



[Jour. Indian Chem, Soc., Vol. 20, No. lo, 1949] 

ALKYLATION OF KETONES 
By R. R. Agarwal and S. S. Deshapande 

A suitable method for alkvlation of ketones is to prepare first oxvniethvlene compound of the 
ketone (a-forinyl ketone). Pv tre»tinj» sodium derivative of the 2-forinyl ketone ‘,vith the alkyl halide, 
2-formyl 2-alkvl ketone is formed w hirh on ketonic hvdrolysis yields a-alkyl ketone The process is 
illustrated by the synthesis of a-ethylryc/ohexanone from cvf/ohexanone. 

NaO 

I . I I ‘ 

If a i:3-diketoiie — CO-CH-C() — in the form of its sodium ciiolate "-C = C-“CO — 
is treatjed with an alkylhalidc, alkylation takes place in 2-position. A simple ketone 

— CO-CH — should similarly be capable of bein" alkylated in 2-positioii if its sodium 
NaO 

1 I 

enolate — C = C — conld be obtained. Oenerally, by the action of sodium on a ketone 
some amount of its sodium enolate is formed, but sinuiltaneously sodium compounds of 
secondary reaction products arc also formed. For instance, by the action of sodium on 
metliylcthyd ketone, not only the sodium enolate of the ketone (I) but also sodium 
compound of 3 : 4-dimethylliexaiic-diol-3: 4 (ID is produced, obviously by reduction 
of the ketone by bydioi^tn evolved in the formation of sodium enolate (I) fDraun, 
Manats, ignb, 27 , S04), 

ONa 

I 

CIL— L'( )— CH,— CH , + Na = CH3— c ^ CH— CH3 + H 

(n 

on 




2II -CH — C— CHo— CH, 

I 

CIT.,— C— CH.— CH, 


on 

(U) 


By the action of alkyl halides on sodium Cf)m])ouiKls formed from ryr/ehexanone, 
menlhone, caivonc and metliylelliy] ketone, we failed to obtain any appreciable amount 
of the corresponding 2-alkyl ketones. 

Beckmann (/. prakt. C hem., 1.S07 //, 65 , 35) describes that the so-called 'sodium cam 
phor’, obtained by the action of sodium on camphor, dissolved in ether, contains also sodium 
borneol and sodium i^eborncol. By kccjnng /-camnhov dissolved in dry ether in contact 
with sodium dust at room temperature, wc foiiiul tliat the sodium practically went into 
solution. On adding bromine to the ‘sodium camphor’, thus foimed, we obtained an 
excellent yield of 2-bronio-/-campIior. The ‘sodium camiihor’, therefore consisted mostly 
of the sodium , enolate of camphor, and as expected, when it was treated with n-butyl 
bromide it gave us 2-n-butyl-/ camphor fill). 


yCO 

C8Hh< I 

CH2 


Na 


yCONa 

C 8 Hi 4 \ 11 


-n-Bu.Br 


CsH 


yCO 

I 

(III) 


4 — 1721P— 10. 
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An indirect formation of a 2 -alkyl ketone through 2 -chloro-ketone has been 
shown by Tiffencau and Tchoiibar (Compt. fend , i934» 94^)- These authors 

have shown that when magnesiunimethyl iodide is added at room temperature to 
2-chlorocyc/ohexanone, the reaction takes place at the keto group rather than at the 
chlorine of the ketone, and organ o-magnesiuiii derivative (IV) is formed, from which 
by decomposition with water 2 -cliloro-i-niethylcyc/ohexanol (V) is obtained. If, 
however, (IV) is boiled in ether, magnesium halide separates, the methyl group mig- 
rates to 2 -position, and a-methylcycMiexanone (VT) is finally obtained. 


0 

Me OMgl 

iSIc OH 

II 



c 

c 

C 

HjC^NcHCI 

HjC.'^CHCl 

„ H,C|'^|CHC1 

* 12 ' > 1 1 


H^C^CH, 

^ 

CH, 

CH, 

CH, 


H.c/NcH.Me 


Working with 2-bromo-i-caniphor we found that when magncsiiimmetbyl iodide 
was added to its ethereal solution at ice temperature, niagnebiiini halide began to 
sepal ate almost immediately and on comidetion of separation \\c obtained 2 -ethyl-/- 
camphor (VII) from the filtiatc In this case, at any rale, the alkylation of ketone does 
not seem to be indiiect, but direct in 2-posjtion. 

yCO ^ XO yBr 

I MgRtT C,H,4^ I Mg^ 

CHBr XH.Et 

(VII) 

As, however, 2-chloro-ketoneb cannot be obtained easily, this method is not of 
general utility for preparing 2 -alkyl ketones. 

A method which we have found reliable and convenient for obtaining 2-a1kyl 
ketones is through 2 -formyl ketones (oxymethylene ketones). The latter are obtained 
by treating ketones with ethyl formate and sodium. The preparation of 2 'tthylcyc/o- 
hexanoue, one of the 2 - alkylated ketones we have prepared, will illustrate the process. 


/ 

Mg< 

^I 


CH- 


HjC^.cn— c=o 

CHj 

(VIII) 


O c- C— H HjCj^CH.El 

CH, O Had^CH, 
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2-Fortnylcyc/ohexanone (oxymethyleue cyclohexanone) (VIII), prepared from 
cyclohexanone and ethyl formate, was treated with sodium ethylate, and the sodium 
derivative of the i: 3-dicarbonyl compound reacted with ethyl iodide to give 2-formyl- 
2-ethylcyc/ohexanone ^IX). By ketonic hydrolysis of (IX) the formyl group was 
removed and 2-ethylcyc/ohexanone (X) was obtained. 

Paranjpyc, Bhide and Nargund prepared 2-formyl- 2-methylcyc/ohcxanone^ in 
crude form which they could not purify by distillation {i\aiure, 1Q44, 163, 141). They 
reported that their crude product was optically active having specific rotation 
[*]d= -26.22®. Such an asymmetric synthesis being highly improbable the process 
of methylation of 2-formyh'yc/ohexanone was examined by O'Goiman (J. Afner. Chem. 
Soc., 1944, 66, 1041) and by Cornforth, Coriiforth and Dewar (Nature, 1944, 183, 317;. 
In none of these experiments was the methylation product found to be optically active. 
The higher homologue, 2-formyl-2-ethylcyc/ohexanone (IX) in our case, was found to 
be completely inactive, as expected. 

I^XPERIMENTAL 

Sodium {-camphor and 2 -Bro}n()-{-camphot —Sodium dust, prepared by melting 
2.3 g. (r atom) of sodium under boiling xylene and vigorous shaking, was covered by 
diy ether and kept cool. A solution of /-camphor (15.2 g., i mol.) in dry ether was 
then gradually added. The mixture was allowed to remain at room tempcratuie for 
6 days when most of the sodium dissolved as ‘sodium camphor’, a small amount of 
brown mass remaining outside. 

To the ‘sodium camphor', kei)t at o"', was added gradually a solution of biominc 
(16 g.) in dry carbon tetrachloride. Bromine was rapidly absorbed and sodium bromide 
separating was removed by filtration The filtrate on being freed from slight 
excess of bromine by alkali was washed and dried and the solvent removed. From the 
residue unchanged camphor was removed by distilling up to 215°. The solid residue 
obtained on cooling was crystallised from dilute alcohol in i)latcs, m. p. 76'', yie’d 16 g. 
(70% of theory). It was identified as /-bromocamphor from its melting j^oint and 
bromine content. 

2-n-hutyl-\-camphor (III). — lo ‘sodium camphor’, prepared as described above, 
was added-n-butyl bromide (13-7 g-, i mol.). The mixture was gently refluxed on a 
water-bath for 7 hours when the reaction became nearly neutral and sodium bromide 
separated. On cooling, the inixtuic was made slightly acid, the ether layer w'as washed 
and dried and the solvent removed. On distilling the remaining liquid 4.5 g. passed 
between 50® and 90° at 90 mm. The remainder solidified in the distilling flask on 
cooling. The solid freed from adhering liquid weighed 7 g. and crystallised from dilute 
alcohol in feathery needles, in. p. 188'' (/-camphor, ni. p. I75**)- [*1» alcohol= —32.1®. 
[Found : C, 80.6 ; H, 10.8. CUH24O (butyl camphor) requiies C, 80.8 ; H, 11.5 per 
cent. CioHijO (camphor) requires C, 78.9 ; H, 10.5 per cent] . a-n-Butyl-Z-camphor 
forms a 2;4'dinitrophenylbydrazone, m. p. 169®. 

z-Ethyl-\-camphor (VII).— Grignard reagent (prepared from Mg, i.a g. and ethyl 
iodide in dsy ether) wjs gradually added to a cooled solutionjof p.ag. of 2*bromo- 
l-catffphor in dry ether. The whole was allowed to remain at ice temperature over- 
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night. Greyish white niagnesiuni halide separated. The reaction was completed by 
wanning for a few minutes. The product was pouied into dilute hydrochloric acid, 
tjie ether layer was washed and dried and the solvent removed. A white solid fice 
from bromine was left. It was crystallised from dilute alcohol, in. p. 148°; = 

-128.7° in alcohol. (Found : C, 79.2 ; H, 10.8. Cj.IIaoO requires C, 80.0 ; H, ii.o 
percent). It forms a 2; 4-dinilrophenylhydrazone, in. p. t8S°. 

2-Elhyl-d-cainphor was prepared by Boubigny {Chem. ZentrL, 1SS6, II, 409) by treat- 
ing sodium d-camphoi with ethyl iodide in toluene at 60°, and is described as a liquid, 
b. p. 226°-23I°. Since the coiresponding /-wStereoisoiner (di-‘^-stcreoisomcridc of the above) 
prepared by us was a solid, it became necessaiy to confiim hs isonieiisni with the above 
by jreparing it by Baubigny’s method using /-camphor instead of d-cainphor. The 
product obtained was a mixture of /-camphoi and 2-ethyl-/-cam])hor. Separation was 
effected by repeated crystallisation followed by sublimation, the former subliming more 
readily than the latter. 2-Ethyl-/-camphor, thus obtained, was finally purified by 
crystallisation, m, p. 148° aud it formed a 2: 4‘dinilroi)heiiylhydiazone, m. p. i8S°. 
Thus, the 2-ethyl-/-cairiijlior, prcpaied lioni sodium /-camphor and ethyl iodide, wtis 
found to bd identical with the product obtained from /-biomocami)hor and magnesium 
ethyl iodide. 2-Methylation of d-cam[)hor through sodium d-camphor was effected 
wdth great difficulty by Haller rend., 1809, 148 , 1645), the reaction pro- 

duct being always a mixture of d-camphor aud methylated d-cami)hor, 

2-Formyl'Q-c thy Icy i:\ohc\an one (IX) fiom Formylcyclohcxanonc (VUI).' — To sodium 
ethylate, prepared from sodium (1 g.) and absolute alcohol (35 c.c.), formylcyc/ohexanonc 
(6g.) was gradually added under cooling, and then ethyl iodide (6.9 g.) w^as added. 
The mixture was refluxed 011 a water-bath for 8 hours wiien it gave nearly neutral re- 
action. On removing excess of alcohol and ^aci(lif> ing, a deep gueii liquid resulted 
which was extracted w’ith carbon tetrachloride. After w’asliing, diying and removing 
the solvent the remaining liquid di.slilled at 8i”-84°/3mm., yield 3.5 g. (Found; C, 
69.6; H, 9.5. C9H14OJ requires C, 70.1 ; H, y i percent). The compound gives a 
blue colour with ferric chloride and forms a semicaibazone, m. p. 145° (scmicarbazonc 
of 2-formylcycJohcxanonc, 111. p. 231°). 

Ketonic Hydrolysis of 2- Formyl -2 elhylcyc\ohc\avonc : Formation of 2- FJhyl- 
cyclohexanone (X). — Caustic potash (15 c.c., 10%) was added to 2-foririyl -2 ethylcyc/o- 
hexanone in a small flask, and the mixture w^as gently refluxed on a sand-bath for 5 
hours when a reddish oily layer was seen floating over aqueous alkali. This was ex- 
tracted with ether, the solvent washed, dried and removed. The residual liquid dis- 
tilled at 90"" /6s mm. 

2-Ethylcyc/(?hexanone was prepared by Leser ^Compl, rc»d., 1806, 141 , 1033) by 
the action of hot alkali on i -ethyl -1 acetylryf/^>hexanone aud is described as liquid, 
b. p. 6s®/iomTn. (semicarbazone, lu. p. 157°!. (Found: C, 75. Q ; H, 11.4. CgHi .0 
requires C, 76.2 , H, ii.i per centj. 

2 -Etbylcyciohexanone is a colorless luiuicl with camphor-like odour. Jt forms a 
semicarbazone, in. p. i5S°‘ 


Chemical Laboratories, 
AGRA COIAKGB, AGRA. 
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THORHIM. its vS 1 ':PARATI()N and K^TIMATION. 

THK loDATl- MKTHon 

Hy M. Venkatakam \maii wd Bh. S. V. Ragiiava Rao 

It is sh(-\\ii that tlioiiiiiii can be estimated by piecipitation with lodie acid in ne.iiK neutral solutions 
and nia\ also be freed from uranium In .jV-nitrie {icid '’olution iodic acid fiees thorium from cerite 
earths in two prccipitMtions. This method is an improvement on the classical method in that the precipi- 
tate can be weighed directly. Thorium in monayite has been successfully determined in this way. 

The iK'st known melliod for the separation of thorium from the ceritc earths is that of 
Meyer and Speter iCheni. Ztg.t iQio, 34, 306) hut it suffers from tlie serious disadvantage 
that tile composition of tlic precipitate is uiiccrlin and consequently a direct determination 
by weighing the jiiecipitate is not possible. Recently, liowcver, Moeller and Fritz (Chem. 
Rev.f ig4<S, 42, 63) have shown that the precipitate is the normal iodatc but difficulties 
arise in washing the same free of adsorbed iodatc and nitric acid, chief of which 
aie the solubility of the precipitate and its hydrolysis in the comparatively large quaniti- 
lies of watei necessary to remove the spai ingly soluble jiotassium iodate. As a resulti 
the thorium lecoveiy in their experiments is about gc)%. Prior to the appearance of this 
publication, we cairied out a number of experiments employing iodic acid, for, preli- 
minary studies with potassium iodale indicated that in neutral solution the preciiiitate 
ajiproximc.ted lo a basic iotlate of the comiiosition 'I'lil )j.2'rhn( ) ,1 whih in the presence 
of acid the iioinud te traiodate resulted alway.-*. Our proeeduie with iodic acid is not subject 
to the failings mentioned by Moeller and Fritz. Hoc. cil.). Tlic removal of iodic acid is 
easy on account of its high solubility ; and normal iodate piocipilatcs undei all conditions. 
We have also determined in a seml-quantitative manner the thorium loss through solubility 
and hydrolysis. Our conclusions arc that the solubilitv of normal thoiium iodate 111 watei 
at tlie room temperature (about 26"^) is negligibly small, as will be evident from the follow- 
ing simple expeinienl. 

Moist thorium iodate (5 g.) was shaken up with 200 c.c. of water fui 5 hours and 
filtered. The filtrate (100 c.c.) on concentration to 10 c.c. failed to give a colorimetric 
test capable of detecting o. 01 mg. of thorium per c.c. fliiis, the quantity, if any, of 
thorium passing into solution is less than 0.04 mg. per 100 c.c. Error resulting from the 
effect of hydrolysis appears, however, 10 be of a higher magnitude. In a simdar experi- 
ment titration with thiosulphate of the iodate ion in solution indicated a concentration of 
0.8 mg. ill 100 c.c. If on the other hand a mixture of equal volumes of alcohol and 
water is used, the liydrolysis is consideiably su[>pressed and amounts to only a third of 
that in water alone. Tliis of course does not represent the magnitude of the erior in an 
actual determination ; it is indeed much smaller. In tlie iodic acid procedure described 
below, it will be seen that there is a great simplification of the process with a substantial 
increase in accuracy. 
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Experimental 

When Thonum is present alone or is admixed with Uranium , — The thorium 
solution, if acid, is rendered neutral or but faintly acid to Congo red by careful addition of 
dilute ammonia (potassium or sodium hydroxide is not recommended on account of the 
lowei solubility of these iodates) and heated to 6o® to 70®. A 2.5% aqueous solution of 
iodic acid is added in slight excess and the resulting heavy piecipitate is left to settle n a 
waim place. This takes about 15 to 30 minutes The supernatant liquid is i)f)iircd 
through a Jena glass cmcible No 4, the precipitate is washed by decantation in the hjaker 
4 or 5 times with o 25% iodic acid, transferred to the crucible and finally washed with 
20 to 25 c c. of cold water. On drying at 105® for 5 to 4 liours the precipitate corresoond-^ 
to the composition, Th flOOi and may he weighed as such Some results are sumnnrised 


in Table I. 

Table 1 



Thonum 

taken. 

Wt of thorium 
iodate obtained 

Wt. of tlmiium 
calc 

Krror 

0 211U g. 

n 8484 g. 

0 2in g 

4 *n g‘ 

0 21 H) 

S^8i 

«» 2112 

-i 0 (100 2 

().20it; 

1) 8090 

2»>15 

— 

— 

0 8083 

0 2013 

(.) (iO(i 2 

— 

0 8lnl 

(1 2018 

+ 0 '>003 


0 8091 » 

0 2015 



n.8098 

^ 2017 

4-0 (■»n ()3 


In these estimations a quantit> of uranvl nitrate corre‘ 5 poiiding to o 20 g of UO^ was present 


When Thonum admixed w'th Ceritc EartJn . — In neutral or faintly acid 
solution both thorium and the cerite earths are precipitated, while if the solution is too 
acid { 6 N and above) the thorium is incompletely precijiitated. An extended investigation 
has showm that the acidity of the solution should remain at a minimum pn ; the iodate ion 
concentration also should at least approximately be regulated. A 3.5% solution of iodic 
acid in 5N-nitric acid yields the best results. About 150 c.c. of the reagent are necess- 
ary to precipitate completely o.i to 0.2 g. of thorium. The procedure is as follows: 

To the thorium solution (ro to 25 c c.) are added in a thin stream with constant 
stirring about 150 c.c. of the cold reagent and the precipitate is allowed to settle 
for half an hour. It is then filtered through a Jena glass crucible (N0.4), washed first 
with 0.35% iodic acid in o.5N-nltrlc acid and^ then with 25 to 40 c.c. of cold water. 
Washing with cold water is withheld when a double precipitation is resorted to. In this 
case the precipitate is dissolved in 25 c.c. of concentrated nitric acid and suitably diluteil 
so as to give a solution 4 to 5 normal in nitric acid. A saturated solution of 5 g. of iodic 
acid in water is then added. It is important that the overall concentration of nitri: acid 
should not fall below 4Ar, and the iodic acid concentration should be at least 3%. 
The following table shows the results obtained*. 
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Table II 


Wt of ThOi 
taken. 

Wt. of cerite 
earths (oxide) 
added. 

wt. ThflOj), 
obtained. 

Wt. of ThO, 
calc. 

Error. 

• 

o.ii4og. 

— 

0 

0 

0 . 1 I 45 R- 

+o.ooosg. 

n 

— 

o. 4 f >35 

0.1144 

+ 0.0004 

}i 

0.0280 g. 

0.4032 

0.T142 

+0.0002 

II 

II 

0.4030 

0.1142 

+ 0.0002 


0.1402 

4160 0 

0 117Q 

+ 0.0039 

f> 

II 


<1.1141 

+ 0.0001 

If 

I.T42] 


o.TlU 

+ 0.0002 

II 

If 

0.4, >27 

0 1 1 10 

— 

* Monazite 





o.ogno g. 

0,4708 

0.3182 

0.0902 

+0.0002 

>1 

II 

00 

C/t 

0.0903 

+0.0003 


<P These figures refer to values obtained on single precipitation. 

* Monazite concentrate containing ThOj, 0.0900 g.+2 Cej03, 0.4708 g. 


C O N CM, n S I O N 

Thorium can be conveniently precipitated and e.stimated as Th{l0.i), in nearly 
neutral solution by usiug iodic acid as |)rccipitant. This provides also a method for 
separating thorium from uranium 

In the presence of nitric acid, about '1,V, iodic acid separates thornim completely 
from the cerite earths in two i>rccipi(ations ; the final i)reci])itate may be weighed directly. 
When the quantity ot cerite earths is small, less than a tenth of the thorium concentration, 
complete separation takes place in a single jirecipitation. Thorium in mona/.ite can be 
accurately estimated by this method in much shorter time than in the classical iodate 
method. 

Andhra University, Received A ft it 21, 1949. 

Waltair. 
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STUDlIuS OX THK FRIEwS REARRANGEMENT 
By a B. Sen and S S. Tewari 

Fries reaiiaiiRcment lias been studied in tlie case of eight new esters of 4 -ethvIphenol at two 
different ternper.1l 11 res. The 6 n///()-h>drox\ ketones Ihns obtained have been characterised through 
their 2 :4-dinitrophenylh\ dra/f)iics 

Auwersaiid Maiiss (^Uninlen, igaS, 480 , 2^0) obtained a 70 % yield of 2 hydroxy- 
5-ethylacetoi)lienone i)y the I'rics rearrangement of 4-ethyl phenylacetale. 
This reaction has been extended in this pajier to eight new esters of 4 ‘Cthylp 1 ieiiol, 
viz., propionate, butyrate, caproate, heptoate, caprylate, capiate, laiirate and mynstate, 
which were obtained in the usival manner by llic action of the acid chlorides on 4-ethyl- 
phenol. The reaction was studied at two different temperatures, viz., 100® and T30"; 
an o-hydroxy ketone was obtained in each case and the difference in the yield of ketone 
formed at two temperatures was veiy small, the reaction being a little more rapid at 

130°. 


ExTBRI MENTAL 

The esters were obtained by the action of the appropiiale acid chloride on ethyl- 
phenol. The e,eneral method followed is outlined below. 

4-EtliylphenoI (o.iM) was taken in a 250 c f. i.b. flask fitted with a reflux condenser 
carrying a calcium chloiide tube and the ap])ropriale acid chloride (o.tiM) was added 
slowly to it. The reaction mixture was warmed on the w’ater-bath until the evolution 
of hydrogen chloride liad ceased. After cooling, the mixture was extiaclcd with ether, 
washed with 1% caustic soda, then with water and dried over anhydious sodium sulphate, 
the ether was distilled off and the residue distilled under reduced pressure. 

Table I 


4 Etbyl plicnxl 
esters 

Reactants 
Phenol. .\ci(l 

cliloiidt. 

Yield 

of eslet* 

n V 

MoleCdlcU 

forfiiula 

Anal vs 

I'oniKl t'alc 

C H. C H. 

Propionate 

7 " 7 K 

9 g 

^■^•5 g 

63-^% 

i.Su'/ismni. CiirJi 4 t )2 

71 ' 3 o% 

7.85% 

74 i 5 'o 

7.86';{ 

Butyrate 

9 


8.5 

60.1 

150 V9 


00 

872 

74 . 9 J 

8 90 

Caproate 

TT 

13-3 

13 

'’5-85 

166V9 

CJ4II20O2 

76.50 

9.20 

7637 

909 

Heptoate 

10 

13-4 

13 

67.7 

178711 

Ci 6 H 2 a 02 

77.20 

9 au 

76.93 

940 

Caprylate 

10 

14.7 

m .s 

SO. 16 

195V12 

Ci 6 H 240 a 

77.31 

9.40 

77 76 

9.67 

Caprate 

S.O5 

8.3 

8 

70.1 

aa6®/i9 

C18HJ18O2 

78.45 

10.40 

78.27 

10.14 

I^anrate 

6.1 

xa 

ia -5 

82.2 

2io*/i6 

C20H32O2 

78.67 

10.29 

78.94 

10.5a 

Myristate 

6.8 


14.6 

78.9 

910*114 

C 2 aH 3 eOa 

78.80 

10.80 

79.5a 

ZO.84 
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The mDlecular weights of the ketones are the same as that of the respecti\e esters from which they have been prepared by the Fries rear- 
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Fties Rearrangement of the Esters^ 

Thu Fries learrangciTicnt was studied at two temperatures (roo'' and 130®). The 
j^eneral procedure followed is ) 2 :iven below 

Finely powdered anhydrous aluminium chloride (o.iM) was taken in a 125 c.c. r.b. 
flask fitted w’ith a reflux condenser carrying a dropping funnel and a calcium chloride 
tube, and the ester (0.06M) was gradually added to it. The temperature was gradually 
raised to 100 in oik experiment (water-bath) and to 1,^0° in the other (oil-bath). The 
evolution of hydrogen chloride commenced at 60 The reaction was slightly more 
rapid at 130°. After two hours the reaction mixture was cooled and dilute hydrochloric 
acid was added to the red puflfy mass obtained to decompose the aluminium complex. 
The oil that separated was taken up in ether, washed successively with water, 1% 
sodium carbonate solution and then again with water Aftei dehydration over an- 
hydrous sodium sulphate the ether was distilled off and the residue distilled under 
reduced pressure. 

The distillate gave an intense red-violet colour with ferric chloride and on addition 
of dilute caustic soda a yellowish red precipitate was obtained. It thus conforms to 
Pyman's tests for ortho-hydroxy ketones (Pyman, /. Chem- Soc-^ 1030,280) The 
o-hydroxy ketones thus obtained were converted into their 2.4-dinitrophenylhydrazones 
which were recrystallised from glacial acetic acid. The yield of ketones at 130° is a 
little lower than at too'’. 


CntMisrav Dmwktmim, 
brcKNWv TNr\ i rsity, Utks(k\ . 


Keccived July 18, 1949 
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ON THE relationship BETWEEN KLUIDITY OF LIQUIDS 
AND TEMPERATURE* 

By Asuke Kum^k Mukherjhe 

Starting from Batsrhinski’s equatioi. an eqnatiuii relating fluidit> (4>l with the coefficient of thermal 
expansion (o) of a liquid has been derived which gives a linear plot for 0 against This relationship 

has been verified in the case of as many as 60 different liquids From the intercept of the graph on 
the — axis, deniensions of nioleculfs have been calculated and compared with the values obtained 
from other methods. Members of the same homologous series are found to vield the same intercept 
in each case as has been verified with five different homologous series 

Recently Eynng ij. CJicni. Phys., ig36, 4 . 283; Hiischfelder, Sleveiiboii and Eyring, 
}hid., 1937, 5 , 896)*has i)roi)Osed a picture of the liquid stale in which he assumes liquids lo 
be composed of molecules and some free space divided into smaller units of an enormous 
number of holes, mixed together and distributed at random. P'rom this conception of 
holes in liquids he has been able to deduce an equation of state for liquids similar in 
form to Van der Waals' equation of state, the Hildebrand and Trouton rule for vapour 
pressure, the entropy change on melting, the temperature coefficient of viscosity, etc* 
The flow of a liquid has been regarded by him as due to jum]) of molecules from one 
hole into another by the action of some shearing stress and is thus dependent on the 
number of such holes in a given mass of liquid. This free volume in liquids has been 
related to the temperature and total volume of the liquid (Kyring and Hirschfelder, 
J. Phys. Chem., 1937, 41 , 249; Hirschfelder, /. Ed., 1939, 16 , 540) and a method 

for its experimental determination evolved based upon the velocity of sound in the 
liquid medium (Kincaid and Eyring, ]. Chem. Phys., 1938, 6. 620). 

The first empirical relationship between fluidity (^) and free volume (F-FJ as 
proposed by Batschinski ( 7 . physikal. Chem., I9i3» 84 , 643) in the equation 

= c. iV-V,) (i) 

assumes a linear relationship between the two, C being a constant and F and F«, the 
molecular volumes of the liquid and solid states respectively, the latter being regarded 
as possessing little or no free volume. 

In the present paper an attempt ha> been mad lo correlate fluidity (0> with thermal 
expa^ion and free volume of the licjuid. There’ tion thus obtained has been experimen- 
tally verified. 

Let a be the coefficient of thermal expansion of a liquid. Then by definition of <x 
we have, 

I dv\ .fd In v\ ... 

v\li k -\ "" 

♦ A portion of the uiaterial embodied in this paper has been publi.shed ns a note in the June issue, 
1949 of "Science and Culture”. 
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where F, P and T refer to the moleculai voluiue, prtssuu" and the leiiiperalure in the 
absolute scale respectively of the liquid. 

Assuming <x to remain constant for small langes of tcmjjeiatuies and assuming also 
that the volume of a liquid changes continuously with teniperatuic in accordance with 
its own coefficient of expansion, v\e get by integration 

K=J. ... (lii) 

where A is the integration constant 

lyCt us assume that there is a leiiipcratuie 7\ in the absolute scale, where the free 
space in the liquid vanishes altogether. By carrying out the integration between Tp 
and any higher temperature T for which the volumes of the litjiiid are and V respec- 
tively, we gel 

... (iv) 

w’hence by e(iuatioii (i) 

d) = C\(F-F.,J-r.F.^«'T~T 1^1} ... (v) 


or, 


( oTs -t- 


( .1% 




or, 


ft I- - c 


where 


a=c«^ and 


(.Fp 


ivi) 


This gives a linear relationship between </' and f It should ]k mentioned in 
this connection that in the above derivatioir the constancy of a imi)licitly assumes a 
constancy of the molecular species which docs not change with change of temperature. 
As to the temperature Ts , the implication is that at tins point the molecules arc at their 
closest approach so that the free volume is the least at this point and the translatory 
energy is at its minimum. 


Experiment A I. 

About sixty different liquids w’cre examined for their viscosity and coefficient of 
expansion. More than a dozen (13) cases wcie locally uxamiiiLd, while the data for the 
rest were taken fiom Landolt-Bornstein Tal elkii and fiom the data published under 
Project No. 44 of the Ameiican Petroleum InslituU under the National Bureau of v^land- 
ards, U.S.A. 

The liquids locally investigated were of B.D.H. AnalaR quality, distilled twice or 
thrice till the constancy of the boiling point at their respective standard values was 
realised. Viscosity w^as measured relatively to water with the help of an Ostwald viscome- 
ter whose average time of flow for water at 30° was observed to be about 30 seconds. 
These relative values were then converted into centipoise from the absolute viscosity of 
water as given in the Landolt-Bornstein Tabellen. Reciprocals of these values yielded 
their fluidities. 
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The coefficients of expansion were determined between 30" and 35° by determina- 
tion of their densities at these temperatures. The coefficient of expansion for water 
was ascertained from its densities at 30® and 32®. 

The equation (vi) has ])een verified within a temperalure ranL»e of 0° to 40® with an 
averse value of in the raii^e assumed to be constant. I'or those liquids whose data 
were taken from the literature cited above, the tern] )erature lan.^c has been extended 
or curtailed according to tlie availability of the relevant data 

D I s c u s vS I o X 

I'/ie Linear Relalious'hip. —The plots of ai>ainst a''’ are sliaighl lines as expected 
from equation (i>i) with an intercept on the -axis « Some of the cases 

worked out here have been graphically p>resciited in Fig. r. Kiom these graphs the 
values of 'i\ were calculated and they were in all cases found to be lower than the 



corresponding melting points under atmospheric piessurc, excepting in the case of winter 
and acetone, where they were found !o be much above their melting temperatures. This 
fact is significant because the volume Fs of llie liquid at tempeiature Tp has been 
assumed to contain no holes and hence the densities at this temperature ought to he 
maximum. In the case of water, it is well known that the maxiniuin density is reached 
at 4® under a{mospheric pressure, while extrapolation from the present curve for water 
gives a value of Th equal to 1^1'’. This discrepancy might be attributed to the fact that 
the extrapolation has in this case been actually performed on the data for coefficient of 
viscosity observed between 20® and 40®. This temperature of maximum density should 
be best compared with that obtained by extrapolation of the density-temperature curve 
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for water, specially of the region between 20° and 40°. Such an extrapolation has been 
actually carried out on the density-temperature curve given in the Landoll-Bornsteiu 
Tabellen (Eg. Ilia, 53) which yielded a value of 13° as the temperature of maximum 
density. The agreement is therefore satisfactory. 

Another important feature to be noticed in the case of water is that although water 
is known to be a highly associated liquid, still it gives a linear relationship (vide Fig. 2) 
according to equation {vt). This evidently suggests that within a range of 20® to 40® its 
molecular species does not alter appreciably. Methyl and ethyl alcohols have also been 

Fig. 2 



found to give straight lines according to this equation within a lauge of -30° to 25® and 
0° to 30° respectively ; they are also known to be highly associated liquids. The case 
of mercury is interesting from this point ot view because liquid mercury is known to be 
composed of monatomic particles and as such they are much simpler than those of most of 
the liquids known. It is interesting to notice that mercury maintains a strictly linear 
relationship throughout the major lemperatuie range over which it remains in the Ihiuid 
state under atmospheric pressure. The T. calculated for mercury comes out to be 18® K 
(= -255®C) which is much below its melting pohit (-39°). 

Significance of — As already referred to, is the volume which tlic liquid will 
occupy at the hypothetical temperature 7 %, where its fluidity totally disappears. On the 
assumption of a proportionality between (p and the free volume in a liquid, according to 
Batschinski's equation, the volume at Tg should not hav<; any free volume and the mo‘e» 
cules will be packed together in the closest possible orientation. Even at this volume the 
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free space will not entirely disappear because at the closest packing of spherical mole- 
cules there will be gaps in between, though such space may be very small- 

It will not be irrelevant to refer here to the superior advantages for using this for 
calculation of molecular dimensions over the method based upon the law of rectilinear 
diameter of Callitet and Mathius (cf. Moelwyn Hughes, loc. cii., p- 30) which rests upon 
an assumed validity of extrapolation of the mean density over as large a temperature range 
as from o'^K to the critical temperature of the liquid. The values of molecular radii 
calculated from W have been given in Table I and comi)ared with th.ose obtained from 
viscosity of gases and also from Van der Waals’ ‘b'. 

Tabt.e I 


t » c a 1 c 11 1 a i c cl from 


Liquid, 

F/pi. ivi). 

Viscosity. 

‘b*. 

Mercury 

i.77R'\ 

bo 

0 

1.79S 

Acetone 

1.70 

1.90 

— 

Ben 7 ene 

3 . 09 ^^ 

2-95 

1.07 

CCI4 

2.2Z 

2.38* 

1.096 

Pentane 

2 , 3 ^ 

2.25 

1. 14 

Utlier 

3.4^ 


1.10 

C'hloroforni 

L 3 

2.14 

— 


•The value of r for CCI4 111 this case has been taken from polarisation data 'Moelwyn Hughes, “Intro- 
duction to Physical Chemistry'*, 1910, p. 105U 

+ r*s denote the molecular radii calculated on the as-nniption of spherical molecules and r’s in column 3 
signify the radii calculated from the viscosity of these substances in the gaseous state and taken from 
Lardolt-nornstein Tabeileii (Rg HI s Aiif., p. los). 

Obviously the values of 1 calculated trom Fg are in general larger than those obtain- 
ed from Van der Waals* \ but show satisfactory agreement so far as the data from vis- 
cosity of gases are concerned. 

Encouraged by these results the chain lengths of some normal paraffins were also cal- 
culated by first ascertaining their molecular volumes from Fr and dividing this by 21 sq. A., 
the cross-section of these hydrocarbon chains, as determined by the surface film 
method (vide Glasstoiie, “Recent Advances in Physical Chemistry”, 1933, 2nd Edition, 
P* 332)- The area of cross-section as measured by the film method has been preferred in 
this case becau^se in a surface film under limiting conditions the molecules are assumed 
to be in closest packing, as has been pictured in the conception of Fe- The values appear 
in Table II below and have been compared with those calculated with the help Mark's 
formula ("Physical Chemistry of High Polymeric Systems”, Part III, 1940, p. 141): 
I=i.a6n + i.83, where n denotes the number of carbon atoms in the chain and /, the 
chain length in A. 
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TAIiLE II 


Hydrocarbon. 

/ calc /n ni 

I\qn (li) 

1 i ale by 
Clark’s Kfjn. 

II\ droc.'irboii. 

1 calc, from 
ISqn \vi, . 

/ cdlc by 
Mark’s Eqn. 

w- Pentane 

7 h A 

S 13 A 

n-lJiidecane 

15 51 -^ 

15 69 A 

n-Hexane 

S ()b 

0 . 3 Q 

n Dodccane 

16.87 

16.95 

n-Heptane 

10.25 

10 6s 

n Tritlecaiic 

18 qo 

18.63 

n Octane 

JJ 7 

11.9 

W'Tetradcca»:e 

19.62 

19.47 

/I Nonane 

12. S 

13 17 

H-Pcntadecane 

20 9 

20 73 

n-Dccauc 

14 oS 

M ^3 





The values of/aiein excellent agreeineiit. The equation (vi) can therefore be 
repaided as a suitable method for computing the dimensions of molecules. The only 
experimental data that \\c leqiiire foi this piiiix^ie cumpiise viscosity and density at least 
at two different tcmperaluics from v\hich by linear extrapolation the value of Fa'’ is 
obtained The assumption of an apjnoxiinate constancy of the values of on which the 
present calculations are all based, ai)pears to be justified by the close agrceiiieiit of the 
data presented in the above tables 

Significance of Te.-Thc concept of Ts, as already referred to, becomes also of an hy- 
pothetical nature where the liquid loses its free space as envisaged by the viscous proper- 
ties of liquids. If be regaidtd as the volume of the solid obtained from the liquid state 
in which the molecules are in the closest i)Ossible jiacking, 7\ may be looked upon as ana- 
logous to the critical temperatuie between the solid and the liquid stales, as their specific 
volumes at this tcmi.eiature are equal It is, hpwever, highly imiuobablc that there would 
be any relationship between Ts and 7V, the gas-liquid critical temperatuie, becau«-e the 
constancy of ^ is not maintained near the ciiticai tempciaturc beyond which the Vtdue ot 
is know'll to be as high as 1/273.16 which is the accepted Vdlue of ^ for gases Hxtra- 
polatioii of Tb form Tc does not therefore appear to be justified. 

An interesting featinc in the 0 “ idols is that the straight lines obtained fiji the 
members of the same homologous series have been found to intersect the — axis at 
approximately the same point. Five diffeient Immologons sciies have been studied in 
this connection, two of wdiich have been shown in h'igs. 3 and 4. The values of the 
intercepts are presented in 'J'ablc III 



r\mAi III 


Hr niolog«)ii‘^ Cl ic*- 

(JaST. 

No of C atoms where 
Tb becomes const 

Normal paraflins 

1.250 

>21 

cycloPentanes 

1.252 

21 

cycIoHexaues 

I 252 

19 

Benzene homologucs 

1.236 

19 

Normal mercaptans 

I 2*62 
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Fig. 3 



T he three dlipiifltic hoitiolo^^ous series viz., W'paraffins, cj'c/opeiitanes and cyclo- 
hexane homologues have identical values for their intercepts, while that of benzene 
homologues have slightly lower and the norma! alkyl mercaptans, a slightly higher value. 

Fro. 4 



These observations are interesting in as much as they indicate constancy of «■’'* for a 

homologous series which again indicates that ^Ts should be constant. The values of T, 
6-I7J1P— 10. 
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have been calculated for tlic different series and have been observed to change with the 
number of carbon atoms in tlie chain in the typical manner as shown for the different 
series studied herein (Fig. 5) The number of carbon atoms at which the curve shows a 
tendency to leach a constant value have been shown in colomn 3 of Table III. The 
constancy of the product » T, and the mannei of variation of Tb with the number of 
carbon atoms in the chain are suggestive that Ts might be a fundamental and charac- 


Fig. 5 



teristic quantity for a definite homologous series Furthei work is necessary for elucida- 
tion of this aspect which is in progress and will be reported in a future communication. 

The author’s best thanks are due to Prot. S N. Mukherjce, D.Sc. for suggesting this 
problem and also to Prof. H. L- Roy, Dr. Ing. and to the authorities of the Institution for 
giving me every facility in their libiary and laboratones 

Physicai Chbmi!>tk\ Laboraiorils, Rciiived Mavjs, 1949 

CoLUGE OF Engineering and 'fFtHNOi,o(.v 

JADABPUR, CaI,CUTTA.32. 
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A MODIP^ICATION OF THE GUARESCHI PYRIDINE SYNTHESIS. PART 111 

By Nirmalananda Palit 


Synthesis of cerlaiii pyridine derivatives hy the reaction of benzylidene-esters and-ketones" with 
cyanoacetaniide and arninoacrylonitriles are described. 

In the* eaiJier communications it has been shown that cyanoacetaniide and /5 ainiiio'* 
/3*aryiacrylonil riles react with benzylidenc-aceloacetic ester and bcnzylidenc-cyanoacetic 
ester to ^ive various pyridine derivatives (this Journal^ 1937, 14 , 219, 354) The reaction 
has now been extended to benzyiidene-nialonic ester and benzylidene-cyc/ohexaiione 
with similar results. With diethylaiiiine as the condensing agent, the former reacted 
with cyanoatetainide to give a diethylaniinoniuni salt of dikelopipcndine (I), while if 
sodium cthoxide was used, the normal dihydro-oxypyridiiic (IT) resulted. 


Ph 

1 

Pli — 

1 

Ph 

1 

1 

CH 

CN.CH, V'.CCMCt 

CH 

CN.CH'^|CH.CO,Et 

1 

CH 

NEt, CN.CH'^CH.CO.Et 

cloaKt 

cov^lco 

— NH — 

COs^CO 

N 



W ^Et 



(I) 


CN 

OH 


Ph 

1 

Ph 

1 

[ 

'^'^CO.Et 

1 

CH 

CN^,( 



N 

N/' 


NH 

(ID 

(III) 


( 1 ) is easily transformed into 111) by heating for a few minutes with dilute HCl, whereas 
hot caustic soda opens up the pyridine ring with the formation of diethylamiiie and 
ammonia. 

The amin9acrylonitriles were much less reactive, diethylamiiie having failed to 
bring about the reaction. With sodium cthoxide, the molecule decomposed liberating 
benzaldehyde which reacted with two molecules of the acrylonitrile to give (111), 
described previously by Meyer (Chem, ZenlrL, 1908, II, 591). The reaction was more 
fruitful with Kohler and Souther's reagent (few drops of sodium niethoxide in absolute 
methyl alcoholi /. Amer, Chem* Soc., 1922, 44i 2903). 
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With benzylidenc-c3/c/ohcxauouc, if diethylainiuc was used as the condensing agent, 
cyauoacetaniide added at the double bond and the additive product suffered ring-closure 
by tautomerisation between the i id-positions to give (IV), as observed previously (cf. 
Sen Gupta,/. C/iem. 1915, 107, 1347). Sodium ethoxidc gave the normal tetra- 
hydroquinoline derivative (V). 
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E X I’ H R 1 U K N T A L 
Reaciionb of Ethyl Benzylidenc-malonatc 

(a) With Cyanoacctamide: Formation of Diethylammonium Salt of ^-Carhetho.xy- 

3-cyano’2:6-dtketO’4~ph€nylpipendinc. — Ihe amide (0.8 g.) suspended in the unsaturated 
ester (2.5 g.) was treated with diethylaminc. Next day it set to a solid mass. After 
three days, some alcohol was poured in, solids crushed and dissolved by heating and some 
fresh aiiiiiie added. Next day the crystalline deposit was filtered and washed. It 
shrinks at 175^ and melts with decomi>osition and evolution of gas at 180°. It is 
soluble in hot water and it readily dissolves in NaOH. The latter evolves dicthylaniine 
on warming. An alcoholic solution on exposure to air develops a deep violet tint. It 
was recrystallised from alcohol, m.p. 183® (deconip.), yield 28 g. (Found: 0,63-69; 
H, 6.92 ; N, 12.02. C,„H2604N3 requires 63.51; H, 6.96 ; N, 11.70 per cent). 

iii) Formation of s-Cyano-ycarhethoxy’6-hydroxy-4 phenyl-^^'^~dthydrO'2-pyridone. 
— The amide w^as added to sodium ethoxidc solution and well shaken- To the 
suspension of sodiocyanoacctamide the ester* was added. On shaking the white 
colour rapidly changed to yellow, then to flesh colour and finally to violet. The mixture 
got wanned up and iu a few minutes the wdiole thing set to a violet mass. Next day 
the solid was no longer violet but pale yellow sodium derivative of the oxypyridine, 
but the surface layer and the surface of the container above it were deep violet, the 
colour deepening still more as soon as the stopper was opened and exposed to air* 
On adding water the solid dissolved. Acidification produced a hea,vy oil which solidified 
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on standing in ice. These were filtered and twice crystallised from alcohol as elongated 
plates (under the microscope), m.p. 179°. (Found: C, 63.0; H, 4.55; N, lo.i. 
C,5Hi204Na requires C, 63.39 ; H, 4.23; N, 9.85 per cent). 

(b) With P-Amino-ii-anisylacrylonitriIe : Formation 0} 5-Cyano-ycarbelhoxy-4~ 
phenyl-6~anisyl-2-oxy pyridine. — Molecular (juantities of the reactants were dissolved in 
absolute methyl alcohol and two drops of a solution of sodium methoxidc in methyl 
alcohol added. It was allowed to stand for two weeks, boiled under reflux for four 
hours and again allowed to stand. A shining white, wooly, crystalline mass separated . 
It is insoluble in sodium carbonate but soluble in cau.stic soda from which acids 
reprecipitatc it. It was rccrystallised from methyl alcohol, m.p. 204°. (Found : N, 
7.82. C22H18O4N2 requires N, 7.5 per centl. 

(f) With P-Amino-p-tolylacrylonitrile.—A^ above, the mixture was allowed to 
stand for two weeks, boiled and again allowed to stand. It was recrystallised from 
methyl alcohol in mesh of needles, m.p. 2oS°. f Found -. N, 8.2. CjjHisOjNj requires 
N, 7.82 per cent). 


Reactions of Ben/.yltdene-cyclohcxanonc 

(a' With C yanoacclantide : (/' Foriualion of g-Hydroxy-ycyano-^-plicnyldecahydro- 
2-quinolone. — The ketone was added to a hot alcoholic solution of the amide and 
diethylaniine added. The mixture was kept warm for 3 hours. The colour very 
gradually deepened from yellow' to yellowish brown. Next day a small amount of 
crystals deposited at the bottom (m.p 156") which dissolved in watei and caustic soda 
and evolved ammonia on warming with the latter suggesting it to be an open-chain 
addition product. After a few days the solution showed a stiong yellow-green fluorescence. 
The solvent was evaporated off and the residual gummy mass was crystallised from 
ethyl acetate as hard nolules, m.p. 265-68" with shrinking and turning brown. It is 
insoluble in hot w'ater but soluble in hot NaOH from which HCl regenerates it. It 
was recrystallised from alcohol in light, pointed, microscopic lancets, m.p. 272'. 
(Found : N, 10.66. Ck.H„ 02N2 ivijuires N, 10.37 per cent). 

(it) Formation of yCyano-2-oKy-4-phenyl-ar-tcliahydioquino1ine. — Sodium (0.23 g.' 
was used in absolute alcoholic solution with molecular quantities of the reactants. 
Colour gradually changed and fluorescence developed. The solvent was evaporated off 
and the sticky residue rubbed witth water and allowed to stand overnight. The while- 
solid so obtained (2 g.) was crystallised from a large volume of alcohol, m.p. 257-58®. 
(Found : N, 11.42. Ci„HiiON2 retiuires N, 11.20 per cent). 

(b) With P-Amino-p-tolylacrylonittilc : Formation of yCyano-yphenyl-ytolyl-ar- 
tclrahydroquinoline. — It was piepared as above. After standing for a week the solid 
deposited was, collected and washed with hot water and crystallised from alcohol 
in yellow nodules, m.p. 196". (Found: N, 8.81. CjsHjoNj requires N, 8,64 per 

cent) . 


SCIBNCS Coubgk, 
Patna. 
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Absorption Spoctrophotomotry.—By G. h. L/Othisii, Published by Hilger and 
Watts Ltd., London, ig 40 - 196 + 6 plates. Price 26 sJi. net. 

This hook is jjriiiianJy iiiteuded for supplying useful information to research workers 
interested in quantitative analysis of oiganic compounds by spectrophotometric methods. 
In the first five chapters the principles of spectrophotometiy have been explained 
elaborately indicating finally how quantitative analysis is made from the absorption 
spectrogiams. In the next thiee chapters various applications of spectrophotometiy 
mcluding detection of ceitaiii groups of atoms in molecules, metallugrical analysis, 
estimation of hydiocaibons and otliei biological and biochemical applications have been 
described. The last four chapteis aic devoted to detailed description of the technique 
used in spectrophotometry. Different types of spectrophotometers with their accessories 
have been described in detail and then pei f onnaiices have also been shown with the 
help of beautiful illustrations. There is a fairly exhaustive bibliography at the end. 

The book will be found to be veiy useful to post-graduate research w^oikers engaged 
in this line ot research, because they w ill get in it information not only regarding the 
fundamental principles involved but also regaiding the methods in which different tyjies 
S, spectrophotometers available in the maiket cap be employed. 


vS. C. S. 

Omelins Handbuoh der Anorganischen Chemie. Achte Auflage, Selen B. with 
II figures; Systemnumber lo, 1949. Pp. 195 + xxi ^ vii. Clausthal-Zellcrfeld, Gmeliir 
Veilag G. m. b. H. 

The present volume constitutes the part B of the System Number 10 - Selenium, 
of the fully revised 8th Edition of the well-known treatise, Gmelin’s Handbook of 
Inorganic Chemistiy. The book deals wdth the compounds of vSeleiiium. GineliiPs 
Handbook is too well-known to lequire any detailed review^; no research laboratory 
can afford to do without it. The present volume has fully maintained the reputation 
of its predecessors. References to original works up to 1948 have been incorporated in 
the book. 


P. R. 

Temperature Control.— By A. J. Ansley. Published by Chapman & Hall Ltd. 
Pp. 126 + viii. Price 13 sh.6d. 

In this book the author has described a number of methods of controlling tempera- 
ture in laboratory and Industrial operations. Only those methods have been dealt with 
which have been tried and found satisfaefory. The description of the methods is lucid 
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and the diagrams are neat and fully illustrative. The book is sure to prove useful to 
scientific workers, as temperature control is very necessary in many industrial operations 
and accurate expeiiinental work on physico-chemical problems. 


B. N. G. 

Photoeieotrlo Methods in Clinical Biochemistry.— By G. K. Delory, M.Sc., Ph-D. 
A Hilgcr publication, pp. no + x. Price 15 sh. 

In this book the author has described methods of colorimetric analysis which have 
been tried and found satisfiictory. Thd instruments described for the purpose are the 
Spekker Absorptiometer and the Biochem Absoriitiometcr manufactured by Messars 
Hilger and Watts Ltd. The treaiinent of the subject matter in the text lias been neat, 
simple and to the point. The book is likely to prove very useful to workers in clinical 
laboratories. 

B. N. G. 
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PRODUCTION OF THE JOSHI EFFECT IN OXYGEN UNDER SILENT 
electric discharge, part V. INFLUENCE OF THE 
FREQUENCY OF THE EXCITING POTENTIAL 

By S. R. Mohanty 

Influence of the frequency / of the exciting potential on the Joshi effect A i in oxygen, enclosed in 
a Siemens* lube at 331 inni. (32®) Ilg pressure, has been investigated. JJoth the 'threshold’ potential V„ 
and Ai decrease, the former from 2.7 to 0.7 kV (r. ni. s.) and the latter Irom 42 to 21 % (current < in 
da’-k, =3), vith / increased from 50 to 500#^. Af is negligibly small below V,„ . It is absent in 
high frequency ^3-11 M^) conduction at low potentials. Since the propoition of dielectric in i in- 
creases with ft and conduction mainly dielectric below Vm and with high frequencies at low potentials, 
the above results do not support Parshad’s view that A f represents a diminution of the dielectric as 
distinct from conduction current. Diniiiiution of wattage dissipated in the o 7 oniser on irradiation 
c'^ r responding to Af indicates on the other hand that A i results chiefly from suppression of conduc- 
tion current. Change under light of dielectric conductivity can, at best, be a minor explanation. 

It has alieady been shown (Part I, Mohanty and Kaniath, this /oMrna/, 1948, 26, 
405; Mohanty, Part VI, ibid., coniiniinicated) that the magnitude of the Joshi effect 
Ai in oxygen is dependent upon the applied (alternating) potential V. That the fre- 
quency f of this last is another ini portaiit determinant, w^as revealed by the preliminary 
investigations of the author (Pioc. Indian Sci. Cong., 1949, Part III, Chem. See., Abst, 
No. 25). It was of interest therefore to study this in some detail. 


IV X P E: R 1 M U N T A L 


Single phase alternating eiiricnts of 50 and 500 cycles frequency were obtained from 
rotary convertors worked off 220 volts, D. C. mams. A Hartley type oscillator was used 
for generating high frequencies. Fig. i 


The general experimental arrange- 
ment and the circuit employed are 
shown in Fig. i. The oscillator 
consisted chiefly of a 6L6 pentode 
(RCA\ 2o,oooH grid resistance, 
0.00025 fiV tuning condenser and 
tuning inductance. A variable 
o.oooT /JiF capacitance was included 
in series with the receiving coil ; 
this served to tune the receiving 
circuit to the frequencies generated 
by the oscillator. The frequency 
/ was varied by altering the dial- 
position, and hei^ce the capacitance 
of the tuning condenser. From 
calibrations made with a wavemeler, 





the various dial-positions corresponded to the frequency range of 3-1 1 megacycles per second. 

A Siemens* tube filled with purified, oxygen at 331 mm ■ pressure (32-°) served as 
the discharge vessel. The current was observed with a reflection galvailometer G, 
actuated by a Cambridge vacuo-junction V. J. (Fig. i). The source of light consisted 
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of a battery of two 200 watt incandescent (glass) bulbs run at 200 volts, and placed at 
a distance of 20 cm. from the discharge tube. The mode of observation of Ai was 
similar to that described in Part I (Mohanty and Kamath, loc. cit.). 

Three series of observations were made : (/) when the discharge tube was excited 
at different V varied in the range of 2-6 kV (r. m. s.) of 50 cycles frequency, Hi) with 
0.5 “ I kV of 500 cycles frequency, and (in) when the system was fed with high fre* 
quencies in the aforementioned range. The potential developed across the ozoniser in 
(in) was kept constant; it was, as determined with a thermionic tube voltmeter, 1. 17 
volts. The relevant circuit for (i) and (ii) is represented by a, and that for (Hi) by ^ 
(Fig. i). The current in dark in, that under irradiation h, the net Joshi effect Ai and 
the relative effect %Ai for different V and / are given in Table I. 

Table 1 

Influence of the frequency of exciting potential on the Joshi effect in oxygen. 

/’02 = 33I mm. (32®). Temp. = 20®. Detector = Vacuo-junction. 

Source of radiations = Two 200 volt-200 watt (glass) bulbs, 20 cm. from the ozoniser. 

V 


(kV, r. 111. s.) 

in. 

iL. 

50,^ ; Vm 

Ai. 

= 2.7 kV (r. m, s ) 

%A/. 

2.4 

I 

T 

— 

— 

2.67 

2.55 

I.41 

1. 14 

44-7 

2*93 

5-48 

3-46 

2.02 

36.9 

3‘2 

7.62 

S.2 

2.42 

.31.8 

3.47 

8.91 

6.65 

238 

26.6 

3*73 

10. TO 

7.55 

2.55 

25.2 

4 

II. 14 

«-19 

2.65 

23.8 

4.27 

12.13 

9-27 

2.86 

23.6 

4.53 

13-15 

10.20 

2.95 

< 2.4 

4.8 

14.21 

11.09 

3.12 

22 

507 

i 5 - 3 f’ 

11.96 

3-34 

2 T .8 

5-33 

16.25 

13.00 
500^; Vni 

3.25 

= 0.7 kV (r. ni. s.) 

20.0 

0.67 

— 

— 

— 


0 69 

a. 65 

2.12 

0.53 

20.0 

0.72 

4.69 

3.74 

0.95 

20.3 

0.75 

7-55 

6.00 

1-55 

20.5 

0.77 

10.20 

8.49 

T.71 

16.8 

0.8 

12.84 

10.73 

2.TI 

16 4 

0.83 

16.19 

13-93 

2.26 

14 

0.85 

Dial Approx, 

position / in M#-». 
of con- 
denser. 

20.04 

17.41 

2.63 

3— IT M^. 

I 3 -I 

0 3*4 

9-5 

9-5 

— 

— 

30 3.7 

7.6 

7.6 

— 

— 

60 4*0 

15.6 

15.6 

— 

— 

go 4*5 

15 

15 

— 

— 

120 5-3 

10.6 

J0.6 

— 

— 

150 6.7 

Z0.7 

10.7 

— 

— 

180 lofi 

12.4 

T2.4 
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Discussion 

It has been shown by Joshi (Cwrr. Sc/., 1939, 8, 548) that measurements of the mini- 
mum ‘threshold* potential Vm. at which i increases rapidly with the applied V, are 
markedly sensitive to changes in /. That V», would appear to be more sensitive to such 
changes than the Paschen potential has also been emphasized by him Ooshi, ibid,, 1946, 
18, 281). In agreement with the above, il is observed that whereas V,„ for 50 cycles is 
about 2.7 kV, it is as small as 0.7 kV, under otherwise identical conditions, with 500 cycles 
(cf. Table I). Further, increase of i with V is far more rapid in the latter than in the 
former case. Thus c.g.t increase of V/=5o from 2.67 to 5.33 kV increases /d from 2.55 
to 16.25 units, i.e., by about 6 times ; the corresponding iV increases by about 9 times, 
from 1. 41 to 13.00. On the other hand, increase of V/=60() over a comparatively 
small range, viz., from 0.69 to 0.85 kV, increases /d from 2.65 to 20.04 /.c., by about 
7 times ; k increases by about 8 times, from 2.12 to 17.41, over the same potential range. 

In agreement with the general result due to Joshi {Proc. Ind. Acad, Sci,, 1945, A22, 
389), and the earlier observation of the author and Kamath (loc, cit,) in the gas, it is 
found that the effect is not observed below V,,,. bhirther, %At is maximum near this 
potential; it is 44.7 with 50 cycles, and 20.0 with 500 cycles. These results bring 
out the fundamental significance of in relation to the Joshi effect phenomenon. 

Since the exciting potentials were, of necessity, different in the two cases, it is not 
possible to compare Ai or %A/ at 50 and 500 cycles under conditions of constant V. 
Comparisons are therefore made under conditions of constant For this purpose, 
values for Af at the above two frequencies are plotted against the corresponding values 
of /d (Fig. 2). It will be seen that the curve for 500 cycles is well below that for 50 
cycles, indicating that under 
constant to conditions. A/ for 
50 cycles is laiger than that 
for 500 cycles. This supports 
the general validity of Joshi’s 
observation (Proc, Ind, Acad, 

Sci,, 1915, A22, 389) that 
ceteris paribus %Ai decreases 
as the input frequency (i.e,, 
of the A. C. supply) is 
increased. 

Results in Table I reveal 
further that the system 
excited with high frequencies 
in the range 3-1 1 megacycles 
. does not show the effect. 

The observations of Joshi and 
I^ad {ibid,, 1945, A22, 293), Tiwari and Prasad (Curr. Sci,, 1945, 14, 229), Lahiry 
•and Das-Gupta (Proc, Ind. Sci, Cong,, 1949, Part III, Phys. Sec,, Abst. No. 30), and 
Das-Gupta {Science & Culture, 1945-46, 11 , 3x8) with chlorine were similar. The chief 
determinant of the Joshi effect phenomenon is a large enough field to produce ionisa- 


Fig* 2 
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tiou by collision of the gas in the annular space. The effect is absent under high 
frequency conduction, since under such conditions the corresponding electric field is so 
low that the system functions as a capacity only. 

Parshad {Nature, 1945, 168 , 362) has envisaged the mechanism of the Joshi effect 
from the standpoint of Kramers' quantum mechanical theory of light dispersion. He 
considers that consequent on irradiation, the gas is excited to higher vibrational and 
electronic states. For these, due to operations of negative terms in Kramers' dispersion 
formula, the refractive index n should be less than that of the normal gas. It follows 
from this, and the well-known relation due to Maxwell, viz., n' = e (where e is the di- 
electric constant) that e should diminish. Since this last is a measure of the electro- 
static capacity of the system, Parshad concludes that the Joshi effect represents a 
diminution of the displacement, as distinct from conduction or ohmic, current. Since 
ionisation and excitation are different stages in the same direction, the smaller dielec- 
tric constant of ionised as compared with unionised gases constitutes, according to him, 
an indirect experimental confirmation of the above interpretation. The results of the 
present experiments, how'ever, do not support Parshad ’s view. Thus, whereas 
decreases with /, the proportion of the dielectric current is known to increase. Further, 
is negligibly small below Vm (at which ionisation by collision commences in the 
annular space), and docs not occur with high frequencies at low potentials ; conduction 
in both these cases is mainly capacitativc. From the observation that the w’altage 
dissipated in the ozoniser decreases on irradiation corresponding to Af, Joshi (Proc. 
Ind, Acad. Set., i945> A 22 , 225) concludes that the effect A/ results chiefly from a reduc- 
tion of the conduction 01 ohmic part of i. Further, he observes, ‘‘that the correspond- 
ing displacement current may also be affected is suggested by a frequent obseivation 
of a sensible movement and distortion on in adiation of the steadied wave-form on the 
oscillograph, due perhaps to a frequency or/ and phase shift ; by the observed influence 
on %Ai of capacitativc changes in the system, suggesting a change under light of the 
dielectric constant of the ionised gas as a possibly partial, though at best a minor ex- 
planation of this phenomenon of ageing, adsorption and the nature of the w'all material". 

Grateful thanks of the author are due to Professor S. S. Joshi for having suggested 
the problem and for his keen interest in the work, and to Mr. P. L. Sarma for having 
kindly constructed the H. F. generator. 
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PHENYL-« NAPHTHYLAMINE-AZOBENZENl 4 /)-SUEPflONIC ACID A^ 

ADSORPTION INDICATOR 

By Ram Charan Mehrotra 

A new adsorption indicator, phenyl-a naphthylamiiie*azobenzene /’•suipbonic acid has been suggest- 
ed for argentometric t'tiations. It differs from all the classical adsorption indicators in having both 
acidic as well as basic character which makes it applicable both in the titrations of halide ions against 
silver ions as well as in the reverse titrations of silver ions against halide ions m which acidic and 
basic dyes respectively used to be employed separateiv The adsorbability of the indicator, both by 
the positively as v\ell as negatively charged silver halide bodies, endows it with a sharp colour 
change at the end-point, a »*eady reversibility and a large range of applicability in the argentometric 
titrations 

111 a leceiil communication from these laboratories (Mehrotra, Anal. Chim. Acta, 
1948, 2 , 36), the author has described the applicability of Congo red as adsorption indi- 
cator in argentometric titrations. This indicator essentially differs from all other 
previously described adsorption indicators, because it combines within itself the proper- 
ties of the acidic dyestuffs like phthaleins and basic dyes like rhodamines, and hence 
can be used in both the titrations in which the above classes of dyes have been sepa- 
rately employed. The present communication expends the study to another dye of the 
same type, viz., phcnyl-a-naphthylaminc-azobenzene ^-sulplionic acid. 

Pheiiyl-a-naphthylamine-azobenzene /J-sulphonic add exhibits a marked colour 
change from violet to red-orange in the ps range of 3 to 5. On account of the presence 
of the acid sulpho group in the molecule, it was expected that the positively charged 
silver halide particles would adsorb the red-orange anions of the dye, but the negatively 
charged silver halide body would show a preferential adsorption of the violet cations 
of the dye. Thus it was expected that the indicator w^ould mark the end-point in the 
titiation of halide ions with silver ions by a colour change from violet-blue to red-orange 
on the particles, whereas in the reverse titrations, it would show the opposite colour 
change. However, in the neutral medium {pu 7\ the silver halide particles were 
found to show an irreversible adsorption for the red-orange anions of the dye, but the 
red coloured precipitate thus obtained exhibited a colour change which prompted 
further investigation. On adding a drop of dilute nitric acid to the red particles, they 
immediately took up a deep blue shade which again changed to red on the addition of 
a slight excess of ammonia on the particles. Therefore, the titrations were repeated 
in the pu range of 3 to 5, and it was found that in this range, the dye was capable of indi- 
cating the end-point with very sharp and reversible colour change both in the titrations 
of halide ions against silver ions as well as in the reverse titrations of silver ions with 
halide ions. 

Experimental 

A sample of the dye, phenyl-a-naplithylamine-azobenzene /’-sulplionic acid 

was recrystallised and its 0.2% solution used as adsorption indicator throughout these 
investigations. 

The potassium chloride, bromide, iodide and thiocyanate and silver nitrate were 
taken of the B.D.H. AnalaR standard and their standard solutions were prepared by the 
well known methods. 
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Titrations of Chloride Ions against Silver Ions and vice veisa. — As stated above, 
when the titration of potassium chloride (about N/io) is carried out with silver nitrate 
(of about the same strength) with 8 to lo drops of the indicator for every lo c.c. of the 
chloride solution, the pink colour of the suspension does not show any colour change 
as silver nitrate solution is run in. However, as suggested by Fajans, the dye regulates 
the beginning of coagulation of the precipitate such that the coagulation of the suspen- 
sion along with simultaneous adsorption of the dye occurs at the equivalent point. 
The end-point is quite sharp, but its usefulness is veiy much limited by its irreversible 
nature. However, if the pu of the medium is regulated between 3 and 5, the coagula- 
tion of the precipitate occurs much earlier and the coagulated particles adsorb the 
dye with the development of blue colour on the particles. Just at the equivalent point, 
half a drop of the silver nitrate solution in excess turns the blue colour on the coagulat- 
ed particles into a red shade. The end-point though occuiring on the coagulated 
pai tides is quite reversible. The reversibility and the sharpness of the colour change 
can be augmented by the addition of 1 c.c. of 5% chloride-free dextrin solution per 
10 c.c. of the chloride solution taken. Dextrin is a protective colloid and does not allow 
the precipitate to coagulate, and hence the colour change in its presence occurs in the 
colloidal phase. However, for a shaip colour change to occur, the />« of the solution 
should be carefully controlled in the range of 3 to 5. If the pn of the medium becomes 
too low', say 1 to 2, then the precipitate does not become red at the equivalent point, 
but remains blue and requires a sufficient (about 4 to 6%) excess of silver nitrate before 
the particles assume a red shade. On the other hand, if the pn of the medium becomes 
highei than 5, then the blue colour on the particles does not appear and the end point is 
similar to the one described in neutral medium. 

In the reverse titration of ;5ilver ions with chloride ions, the coagulation of the 
particles occurs much earlier and also the adsorption of the dye with a red shade on the 
precipitate. As the equivalent point approaches, the red colour on the particles has a 
tendency to change to blue. Just at the equivalent point, the bluish red colour on the 
particles changes to a shaip blue with half a drop of the chloride solution. The colour 
change at the end-point becomes sharper if a few drops of the indicator solution are 
added again near the end-point. The end-point though occurring on the coagulated particles 
is very sharp and quite reversible ; it can be further improved by the addition of a 
protective colloid like dextrin. The Pu of the medium must be within 3 to 5. 

Titration of Bromide Ions against Silver Ions and vice versa- — In neutral solution, 
the titration of bromide ions also yields results just similar to those described for 
chloride ions. In the pn range of 3 to 5, the coagulation of the precipitate occurs much 
earlier and tlie particles adsorb the dye with thfc development of a bluish green colour. 
Just at the equivalent po>nt, half a drop of the silver nitrate solution changes the colour 
of the precipitate from bluish green to red. The colour change at the end-point is quite 
reversible and very sharp. The titration can be carried out with sharp end-point even 
when the titrating solutions have a dilution as low as 200; the coagulation, however, 
does not occur in the more dilute solutions and the colour change is observed in the 
apparently homogeneous phase. 
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In the reverse titration of silver ions against bromide ions, the coagulation occurs 
much|| earlier and the particles adsorb the dye with the development of a bright red colour 
which changes sharply to blue at the equivalent point. Addition of a few drops of the 
indicator near the equivalent point makes the colour change at the end-point much 
sharper. In the more dilute solutions of the order of N/ loo, the silver bromide does 
not coagulate out and the colour change occurs in the suspension. 

Titration of Thiocyanate Ions against Silver Ions and vice versa, — The thiocyanate 
ions when titrated against silver ions give results similar to those with bromide ions. 
When the titration of thiocyanate ions against silvei ions is carried out in the pn range 
of 3 to 5, colour change from bluish violet to pink occurs at the equivalent point. The 
titration can be carried out with sharp end-point up to a dilution of N/ loo. In the reverse 
titration, opposite colour change occurs on the coagulated particles. 

Titration of Iodide Ions against Silver Ions and vice versa. — In the titration of iodide 
ions against silver ions in the pn range of 3 to 5, coagulation occurs much earlier and the 
particles assume a greenish blue shade. Just at the equivalent point, the colour of the 
particles changes sharply to red. The colour change at the end-point is very sharp and 
quite reversible. The end-point remains very sharp even when the titrating solutions are 
as dilute as iV/500. The reverse titrations of silver ions against iodide ions can be carried 
out with very sharp end-points indicated by a colour change from red to bluish green. 


Vol. & cone. 

Indicator 

Vul. & cone 

Tabi.b I 

Transt- 

of halide 
f!oln. 

(drops) . 

of AgNO;, 
soln. 

tion of 
colour. 

Detailed conditions. 

N/io-KCl, 

10 c.c. 

8 

N/io, 9.98 to 
JO. 02 c.c. 

Violet 
pink susp. 

pink ppt. 

Coagulation just at the end-point with transference 
of colour from suspen'^ion to ppt. Rnd-point is 
sharp but irreversible. 

N/io-KCl, 

10 c.c. + 2 to 
4 c.c. of iV/5on. 
UNOj 

8 

N / 10, 10 tt) 
10.02 c.c. 

nine ppt. 

— ^ 

pink ppt. 

Coagulation occurs much earlier Colour change 
occurs on the coagulated particles. The end-point 
is very sharp and quite reversible. If titration is 
carried out in presence of a little dextrin, the colour 
change occurs in the suspension phase. 

N/io-KCNS, 

10 c.c. + 2 to 

4 c.c. N/500- 
HNO3 

6 

N/io, 10 to 
10.02 c.c. 

Violet 
blue ppt. 

— > 

pink ppt. 

Coagulation occurs much earlier. The colour 
change occurring on the coagulated particles is 
very sharp and quite reversible. 

N/ioo-KCNS, 
10 c.c. +2 to 

4 c.c. N/500- 
HNO3 

4 

N/100, 10 
to 10.04 

Violet 
blue susp. 

— ^ 

pink susp. 

The colour change occurring in the homogeneous 
suspension phase is quite sharp and reversible. 

N/ioKBr, 

10 C.C.-h 2 to 

4 C.C. iV/500- 
IINOj 

8 

N/jOf 10 to 
10.04 c.c. 

Bluish 
green ppt. 
— ^ 

pink ppt. 

The colour change though occurring on coagulated 
particles is very .^liarp and quite reversible. 

N/ioo-KBr, 

10 c.c. +2 to 

4 c.c. N/500- 
HN03 

6 

N/lOO, 3 0 to 
10.04 c.c. 

Bluish 

susp. 

— ^ 

pink susp. 

Very sharp and reversible end-point occurring in 
the suspension phase. 

N/io-KI, • 
10 c.c, -1-2 to 

4 C.C. N'soo- 
HNO3 

8 

N/io, 10 to 
10.02 C.C. 

Bluish 
green ppt. 

pink ppt. 

The end-point is very sharp and quite reversible. 

N/500-KI, 

10 C.C . +3 to 

4 C.C. iV/500- 

HNO, 

4 

N/500, 10 to 
10.02 c.c. 

Bluish 

susp, 

' 

pink susp. 

The end-point occurs in the suspension phase 
and is very sharp and quite reversible. 
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5H 

Tabi,e 11 


Vol. & cone, 
of AgNOj 
soln. 

Indicator 
(drops) . 

Vol. & cone, 
of halide 
soln. 

Transition 

of 

colour. 

Detailed conditions. 

iV/io-AgN03, 

10 C.C.- 1-2 to 

5 c c. of 
N/500-HN03 

4 

9.98 to 
10.02 c.c. ( f 
N/io-KCl or 
KCNS 

Violet ppt. 

blue ppt. 

The coagulation occurs much earlier and the 
particles adsorb the dye ^ith a pink shade. As 
the end-point approaches, the pink colour on the 
particles changes to violet. Just at the end-point, 
the rarticles change their shade from violet to 
blue. The end-point is very sharp and quite re- 
versible The colour change is made sharper by 
the addition of a few drops of the indicator near 
the end-point. 

Coagulation occurs much before the end-point. 

N/io-AgN03, 
10 c r.-h2 to 

5 c c. of 
N/Soo-HNOa 

4 

9.98 to 

10.02 c.c. 
of N/io- 
KBr or KT 

Violet 
pink ppt. 

— ^ 

blue ppt. 

The colour change occurring on the coagulated 
particles is very sharp and quite reversible. 

N/ioo-AgNOa, 
10 C.C.-I-2 to 

5 c.c. N/soo- 
HNOi 

4 

9.98 to 

10. 0 c.c. of 
N/ioo-KBr 

Pink susp. 

blue susp 

The colour change occurs in the suspension 
phase and very sharp and quite reversible. 

N/soo-AgNOa, 
10 c.c. +2 to 

5 c.c. 'iV/500- 
HNO3 

4 

9.98 to 
10.00 c.c of 
N/500-KI 

Pink susp. 

blue susp. 

Same as above, 


Mechanism of the Colour change at the End-point ^ — The colour change at the end- 
point can be easily explained by Fajan's views (Z. ii/ec^rocfeem., 1923, 29 , 495). The 
dye, phenyl-«-naphthyIaniine a2obenzcne />-sulphoiric acid has gol both acidic as well 
as basic character and in presence of acids, it gives violet-blue cations and in the presence 
of alkalis, red anions. In the pn range of 3 to both the cations as w^ell as the anions 
of the dye are present in equilibrium, and hence in this range of pm the particles of 
silver halide, which are positively charged in the presence of excess of silver ions, adsorb 
preferentially the red anions of the dye. The anions of the dye being removed by 
adsorption from the supernatant suspension, the equilibrium between the acidic and basic 
forms of the dye is disturbed. More anions are formed to maintain the equilibrium, and 
more are adsorbed on the particles of the precipitate until the adsorption of the dye in 
the form of red anions is almost complete. Thus, the adsorption of the dye by the silver 
halide bodies with the development of a red colour in the presence of an excess of silver 
ions is so easily explained. Similarly, the particles of the silver halide precipitate 
have got a negative charge in the presence of excess of halide ions, and hence they 
preferentially adsorb the violet-blue cations of the dye and thus develop a blue shade 
on their surface in the presence of excess of halide ions. The mechanism of the colour 
change occurring in the above titrations is thus siniply explained on Fajan^s theory. 

Thanks are due to the Scientific Research Committee of the U. P. Government for 
a contigency grant which partly met the cost of chemicals used in the above investigation. 
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CHEMICAL examination OF THE SEEDS OF CITRULLUS COLOCYNTHIS, 
SCHRADER. PART I. EXAMINATION OF THE OIL* 

By R. L. AIvIMchandani, R. C. Badami and M. C. Tummin Katti 

The seeds contain 21% of a pale brownish yellow oil with a bitter taste. The oil con tain.s oleic, 
Hnoleic, myristic, palmitic and stearic acids and a phytosterol ^m. p. 122-25* I acetate^ m. p. 109-10*). 

The seeds of Colocynth or ** Bitter apple^' (Kadakavade Kayi) are obtained from 
Cttrullus colocynihis. It is a vine of the gourd family (N. O. Cucurbitaceae), native to 
the wanner parts of Persia, Arabia, Syria and the African and European shores of the 
Mediterianean. It is also cultivated in Spain and Cyprus. The plant grows wildly 
in the North-West, the Punjab, Sind, Central and Southern India. The fruits resemble 
oranges in appearance with yellow and green stripes (A. F. Hill, ^^Economic Botany*', 
P- 271). 

Colocynth has been used medicinally for a very long time in Greek, Arabian and 
Indian medicine and it enters into many of the purgative pills of modern pharmacy in 
the form of solid extract. 

The internal pulp of the dried peeled fruit is found to be useful in constipation, 
hepatic and abdominal, visceral and also cerebral congestions, dropsy etc ; and the root 
in jaundice, ascites, urinary diseases, rheumatism, biliousness, constipation, fever and 
worms etc. The juice of the fruit mixed with sugar is a household remedy in dropsy. 
The oil from the seeds is used for snake-bites, scorpion-stings, any bowel complaints, 
epilepsy and also for the growth and blackening of hair (Nadkarni, ^Tndian Materia 
Medica'* ; Chopra, “Indigenous Drugs of India**, pp. 121-123). 

The earlier investigators (Walz, N. Jahrab. Pharm.^ 1858, 9 , 16, 225, Henke, 
Arch. Pharm., 1883, 221 , 200; Johanns m, Z. anal. Chem., 1885, 24 , 154; Naylor 
and Chappel, Pharm. /., 1907, 79 . 117 ; Oriinmaldi and Prussia, Bull. chim. Pharm., 
1909, 48 , 93; Power and Moore, J. Chem, Soc., 1910, 97 , 99; David, Pharm. Ztg., 
1928, 73 , 525 ; Rozsa, Ber. Ugar. Pharm., 1928, 4 , 196; Chopra et al., Ind. J. Med. 
Res., 1929, 16 , Jan.; “Indigenous Drugs of India*’, 1933, PP- 121-123; Agarwal and Dutt, 
Curr. Sci., 1934, 3 , 250) have all worked ' mostly on the pulp of the fiuit excepting 
Grimmaldi and Prussia and Power and Mooie who have done some work on the physical 
constants of the oil. 

In view of the day to day use of the Colocynth seeds in the local veterinary medicine 
and the deficiency of our knowledge respecting their constituents, it seemed desirable to 
subject them to a more thorough chemical examination. 

Experimental 

The seeds used for the present investigation were collected from a region near 
about Kurnool town in Madras Presidency. 

•This work formed part of a thesis sabmitted by R. C. Badami to the University of Bombay for the 
M.Sc^ degree, 
a— 172 aP.— II. 
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The crushed seeds (loo g.) were extracted with the following solvents successively 
m a soxhlet and the extracts wete dried at ioo‘. 

Tablb I 


Solvent, 

Extract, 

Petroleum ether (b. p. 3o*-6o*; 

fS /O 

Ethj 1 ether 

i 30 

Chloroform 

0.29 

Ethyl acetate 

0 41 

Ethyl alcohol 

2.62 


Total 26 57% 

The petroleum ether extract save a pale, brownish yellow oil with a bitter taste 
The other extracts consist of highly coloied and viscous materials about which no 
definite conclusions could be drawn. 

Fatly Oil 

The fatty oil was extracted with petroleum ether (b.p. 3o°-6o°) and the purified 
material had the following constants. 



Table II 

The present 

Power and 

Gnmmaldi and 


authors. 

Moore. 

Prussia 

Ref. index 

I 4725 (28*) 

— 

— 

Sp. gravity 

0 925*’,(28*) 

0.9273 (20*) 

0 9289 (15*) 

Acid value 

3 97 

— 

— 

Sapon value 

174.0 

186 7 

191 7 

Iodine value 

117.8 

126.6 

120 7 

Reichert-Meissl value 

"^•3510 

-- 

— 

\cetyl value 

17.9240 

— 

— 

Hehner value 

91.64%. 

— 

CO 72% 

Unsapon. matter 

2 4% 

— 




Mixed Fatty Acids 

The oil (500 g ) was saponified and the resulting haid soap was powdered and ex- 
tracted with ether in a soxhlet apparatus to obtain the unsaponifiable matter. The 
residual soap powder was freed from ether and the fatty acids were liberated and puri- 
fied The mixed free fatty acids were found to have the following constants : 
mixed fatty acids, 91 -o, mean mol. wt. of the mixed acids, 279.45 ; iodine value, 
(Hanus), 121.0. 

About 300 g. of the mixed fatty acids were separated into their saturated and un- 
saturated components by Twitcheirs lead-salt-alcohol method {Ind- Eng, Chem^, ^9r2i| 
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13 , 8o6)* During the course of separation, a brown, resinous, semi-solid material, which 
was insoluble even in boiling alcohol, remained stuck to the bottom of the flask. 
The liberated saturated and unsaturated acids had the following constants. 


Tabi^k III 


Saturated acids. Unsatnrated acids. 

Per cent. 

Mean mol. wt.* 

Iodine value (Hanus) 

Liquid Fatty Acids 


12. 12 
267.3 
4.879 


87.88 

289.4 

132.0 


A portion of the liquid acids was brominated according to the method of Eibner 
and Miigganthaler (lyewkowitsch, “Chemical Technology and Analysis of Oils andPats*'i 
6th Ed., Vol. I, p. 585). A while crystalline solid, letrabiomostearic acid (m.p. 113- 
114°; M.W. 597.5) was obtained, indicating the presence of linoleic acid in the liquid 
acid mixture. From the filtrate no hexabromostearic acid could be isolated. 

Another portion of the liquid acid mixture was oxidised by cold 1% alkaline 
potassium permanganate solution according to the method of Lapworth and Mottram 
(/. Chem> Soc.y 19251 1628). From the mixture of hydroxy-acids, thus obtained, the 
following were isolated. 

TABI.E IV 


Acid. 

Dihydroxystcaric acid 
Tetra hydroxy stearic acid 


M.p. 

135 " 

167- 68* 


M.W. (found). 

3150 

347-2 


M.W. (calc.) 

316.4 (oleic) 

348.4 (linoleic) 


Thus, the presence of oleic and linoleic acids among the unsaturated acid mixture 
was established. 

Solid Fatty Acids 

The mixture of solid acids was esterified with methyl alcohol in the usual manner 
and 40 g. of the saturated methyl esters were fractionally distilled at a pressure of 5 mm. 


fraction 

Temp, range. 

Wt 

M.W. of 

Fi action 

Temp, range. 

Wt. 

MW. of 

No. 


acids. 

No. 



acids. 

I 

below 165* 

3 4 g- 

225.4 

VI 

i82*-i85* 

8 6g. 

282.2 

II 

165"— 170* 

I 0 

251-4 

VII 

i85"-i87* 

2.7 

284.5 

in 


4.6 

256.7 

VIII 

• 

00 

00 

\ 

• 

00 

M 

2.5 

285.2 

IV 

I75*— i8o* 

• 

4.2 

259.2 

TX 

above 188* 

79 

292.3 



(residue) 



V 

i 8 o*-i 82 * 

5-1 

271.2 


Total 

40.0 



Fraction 1. — The crude acid from this fraction after repeated crystallisations from 
80% alcohol gave an acid melting at 50-51®, with a molecular weight of 226.7, identi- 
fied as myristic acid. A mixed melting point determination with a laboratory sample 
of myristic acid did not change the melting point. 
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Fraction II-IV.— The acids liberated from these fractions after repealed ctystallisa- 
tions from 8o% alcohol yielded pure palmitic acid (m.p. 60-61°, M. W. 256.4). Mixed 
with pure palmitic acid, the melting point remained unchanged. 

Fraction V.— This gave an acid which corresponded to an eutectic mixture of 
palmitic and stearic acids. Repeated crystallisations from various solvents gave a product 
melting at 56-57® (M.W. 267). 

Fraction VI-IX. — The acids liberated from these fractions alter repeated crystallisa- 
tions from 92% alcohol gave pure stearic acid (m p. 69-70°, M.W. 283 61 . The melting 
point remained unchanged on mixing this acid with pure stearic acid. 

Thus the saturated acids were found to consist of myristic, palmitic and stearic acids. 

Unsaponifiable Matter 

This was mostly an oily mass with a small quantity of fine crystals interspersed in 
it. From the ether extract of the unsaponifiable mattei, a phytostorol (m p. 122-25°) 
was obtained in a colorless and pure state after rejieated treatment with animal char- 
coal and recrystallisations from 75% alcohol. This compound gave all the characteristic 
colour tests of phytosterols. Its acetate melted at 109-10°. 


DeparimbnI of Chemistry, 
Earnatak Coi,r.EOE, Dharwar. 


Rccchcd August 19, 1949 
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CHEMICAL EXAMINATION OF THE SEEDS OF CITRVLLUS 
COLOCYNTHIS, SCHRADER. PART II* 

By R. L. Aumchandani, R. C. Badami and M. C. Tummin Kati'i 

The seeds are intensely bitter and cjntam an alkaloid, a polvsachharide or a glucoside, an enzyme 
or enzymes reducing i 3 -glucosides and tannin. Thesteds contain 21% of a pale brou nish yellow oil, 
phytosterolin (Tpuranol), two phvtosterols, two hydrocarbons and also saponin material and a sugar 
From the active bitter principle a very small amount of an yellow crystalline compound melting at, 176* 
has been isolated 

Power ane Moore (J, Chem. Soc., 1910, 97,99) examined the pulp ot the fruit 
(Turkish variety) separately from the seeds and the following substances were isolated; 
cilrullol, a dihydric alcohol ; an amorphous alkaloidal substance possessing an extreme- 
ly bitter tajte and representing one of the purgative principles of the fruit, ^-elaterin, 
a small amount of hentriacontane, a iihytosterol and a mixture of fatty acids. They 
found the seeds compiising 755% of the peeled fruit to contain traces of an alkaloidal 
principle, a small amount of an enzyme hydiolysing /^-glucosides, and fatty oil. 

The present investigation deals with the examination of the seeds only and the 
following compounds have been isolated : a phytosterolin (Tpuranol), two phytosterols, 
one melting at 122-24° and the othei at 98-100° ; two hydrocarbons, one melting at 
59-60° and the other at 54-56° ; also saponin material and a sugar The seeds are 
found to be intensely bitter and contain an alkaloid, polysachharidc or a glucoside, 
an enzyme or enzymes reducing /S-glucosides, and tannin, l^rom the active bitter princi- 
ple a very small amount of an yellow crystalline compound (m. p. 176°) Has been isolated. 
The fatty oil has been completely investigated separately (cf. Part I, this issue, p. 515). 

It will be observed fioni the literature (cf Parti) that there has been no thorough 
chemical examination of the Colocynth seeds. Most of the earlier investigators 
confined their work to the investigations of the pulp of the fiuit. In view of the 
medicinal value of Colocynth in modern pharmacy and the absence of any woikonthe 
Indian Colocynth, the present investigation was undertaken. 

Experimental 
Preliminary Examination 

Test for Alkaloids-— TI iq crushed seeds (15 g.) were digested with Prollius' 
solution for about 2 hours and the mixture filtered. The filtrate gave tests for the 
presence of alkaloids. 

The crushed seeds ti5 g.) were shaken for 5 minutes wdth 150 c.c. of a mix- 
ture of chloroform and ethyl ether. Concentrated ammonia (5 c.c.) and water were 
then added and the mixture shaken for about 2 hours and 15 c.c. of water were 
added and filtered. The filtrate was extracted with 1% sulphuric acid solution. The 
acid extract was made aminoniacal and extracted with the same solvent mixture as 
above and finally extracted with 1% sulphuric acid solution. This acid extract showed 
the presence of alkaloids when tested with the usual alkaloid reagents. 

•This work formed part of a thesis submitted by R. C. Badami to the University of Bomba> for 
the M.Sc. degree. 
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Test for Enzymes . — The crushed seeds (loog) after extiaclion with petroleum 
ether were dried and shaken wdth water for about 12 hours. The supernatant liquid 
was then expressed and filtered with difficulty. A quantity of ledistilled rectified 
spirit was added to the filtrate, when a thick, light colored precipitate was produced 
which was filtered and washed with a little alcohol and dried in a desiccator. 

This substance was found to contain an appreciable amount of reducing substances 
and some inorganic material. It reduced / 3 -glucoside indicating the presence of an 
enzyme. 

Steam distillation.’— The crushed seeds (200 g.) were distilled with steam and about 
700 c.c. of the distillate were collected. The distillate, which was not acidic, was then 
extracted with ether. The extract was dried and the solvent removed. A very small 
amount of a pale yellow oily mass was thus obtained which could not he identified. 

Test for Starchy other Carbohydrates, Tannins, eU.—The crushed seeds (15 g.) were 
digested with water on a hot water-bath for about half an hour and the supernatant 
liquid was decanted and filtered. The filtrate gave tests for the presence of tannins and 
a reducing material. A portion of the filtrate, on hydrolysis, showed the presence of a 
good amount of a polysachharide or a glucoside. This latter reduction may be due 
to the glucose foimed by the hydiolysis of the glucoside supposed to be present in the 
seeds. The bitter taste of the oiiginal filtrate indicates that a glucoside is at least 
partially responsible for the heavy reduction after hydrolysis. 

The crushed seeds (4 kg.) were extracted with redistilled rectified spirit in a modi- 
fied soxhlct apparatus (cf. Tummin Katti, this Journal, 1930, 7 , 210). The extract was 
completely freed from the solvent when a dark brown, viscous material, bitter in taste, 
was left over. This matciial was spread on fine filter-paper pulp, dried and extracted 
in a soxhlet {loc. cit.) successively with petroleum ether (b.p. so^'-bo®), ethyl ether, chloro- 
form, ethyl acetate and ethyl alcoliol, and the various extracts were examined completely. 

Petroleum Ether Extract 

This is a brown viscous material and has a faint bitter taste. In order to isolate 
this bitter principle, the extract was shaken with 90% alcohol and the alcohol was remov- 
ed and filtered. 

(A) Alcohol-soluble portion - — The solvent was removed and the residue, dissolved in 
chloroform, was poured into a large volume of petroleum ether (b.p. 6o°-8o®). There 
was no precipitate, not even a turbidity on keeping the mixture overnight. Evidently 
the bitter principle did not come down in the petroleum ether extract. 

The mixture of solvents was then distilled off and the residue saponified. The soap 
was dried on fine, dry, filter-paper pulp and extracted with ether in a soxhlet. Thus 
the above material was separated into (t) sodium salts of the fatty acids from the saponi- 
fiable material and (ii) ether-soluble unsaponifiable matter. The former material was 
not examined further since the fatty oil has been completely investigated. The latter 
material was gashed free of soap and the solvent removed. A white solid material 
separated on concentrating the extract, which was removed by filtration ; the filtrate 
on standing deposited some more of the solid material. 

Isolation of Phytosterolin {Ipuranol,, m.p. 287^-90®).— The white solid material 
recovered from above was refluxed with charcoal and crystallised from 95% alcohol. 
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The white shining crystals gave all the colour reactions of phytosterols, ni.p. 287-90*. 
The acetate melted at 162-64®. This compound is Ipuranol in confirm ity with the 
substance isolated by Tummin Kalli {loc. cit.) from the seeds of Caesalpinia bonducella 
and by Power and co-workers from a number of plant materials. 

Isolation of a Phytosterol (m- p. 122-24®).— The filtrate from above after removal 
of the solid material (Ipuranol) was freed from the solvent and the pale yellow viscous 
residue was digested with charcoal and crystallised from 75% alcohol, as white glisten- 
ing solid, m.p. 122-124°, which gave all the colout tests of phytosterols. It gave .an 
acetate, m.p. log-io®. 

(B) Alcohol-insoluble portion —The dark viscous oil was saponified and the resulting 
soap was spread on filtcr-i)aper pulp, dried and extracted with ether. During the course 
of extraction, a white solid powder separated out. 

Un saponifiable Matter. Isolation of a P/iytosfcroJ (m.p. 98-100®).— The ether-in- 
soluble white powder from above was relluxed with charcoal and crystallised from 95% 
alcohol. The snow-white crystals melted at 98-100° and gave all the colour tests of 
phytosterols. 

Isolation of a Hydrocarbon (m.p. 59-60*).— The clear, light yellow, ether-soluble 
portion from above was washed free of soap and the solvent distilled. The viscous 
residue w.ts crystallised from 80% alcohol when beautiful snow-white glistening plates 
melting at 59-60® were obtained. The insolubility of this solid material in concentrated 
sulphuric acid even after warming on the water-bath suggested that it might be a saturat- 
ed hydrocarbon, but the quantity was too small for further analysis. 

Ethyl Ether E.xtraci 

The syrupy, viscous, dark red extract, freed from the last traces of ether, was found 
to be intensely bitter. The extract was dissolved in chloroform and poured into a 
a large excess of petroleum cthci (l).p. 6o°-8o''). A pale yellow powder immediately 
separated out. This powder was caiefully filtered and washed with petroleum ether. 
After some time, the powdei set to a dark brow'n, lesiuous mass. This material is 
intensely bitter. 

The bitter principle softens at loS® and completely melts at 112®. It is readily 
soluble in chiorofoim, alcohol, glacial acetic acid and benzene; slightly soluble in 
water and sparingly soluble in petroleum ether. 

Elementary analysis of the bitter principle proved the presence of nitrogen and 

absence of sulphur and halogens. 

The bitter principle gave tests for the presence of an alkaloid and a reducing materiali 
A portion of the bitter principle, on hydiolysis, gave tests for the presence of a con- 
siderable amount of a polysachhande This may be due to the glucose formed by the 
hydrolysis of the glucoside supposed to be present in the bitter principle. 

indicate the presence of an alkaloid, a reducing material and a polysa- 
chharide or a glucoside in the bitter principle. 

Isolation of an yellew crystalline compound— \ portion of the bitter material 
was dissolved in alcohol and treated with an alcoholic solution of lead acetate. 
The precipitate was filtered and the filtrate freed from excess of lead by passing a current 
of hydrogen sulphide. The filtrate from this was evaporated to a syrup and refluxed 



m 


li. L. ALIMOHANDANI, R. «. BADAMI AND M. C. TUMMIN KATTI 


with acetic ether for several hours. On cooling, a small amount of an yellow crystall- 
ine material separated out. This was filtered and the filtrate on concentration yielded 
a little more of this solid. This compound melted at 176®. Further examination of 
this crystalline material could not be undertaken for want of sufficient material. 

The mixture of solvents (chloroform and petroleum ether) after removing all the 
bitter principle was distilled, when a very small amount of a pale yellow viscous oil was 
obtained. 

Chloroform Extract 

The dark brown, syrupy extract was found to be slightly bitter. Attempts to separate 
any bitter principle from this extract were, however, unsuccessful. On crystallisations 
from 80% alcohol a fraction of a while solid was obtained, m.p. 54-56®. Its insolubility 
in concentrated sulphuric acid even after warming on a water-bath, suggested that it 
might be a saturated hydrocarbon, but the cpiantity was too small to permit further 
investigation. No other compound could be separated from this extract. 

Ethyl Acetate Extract 

The brown extract was found to be slightly bitter. This was refluxed with char- 
coal and crystallised from 95% alcohol when a white powderv substance separated out. 
This material was too small for further work. No other compound could be isolated from 
this extract. 

Alcohol Extract 

The dark brown extract after complete removal of the solvent was dissolved in 
water. It was bitter in taste. The aqueous solution was treated with basic lead acetate 
and the pale yellow precipitate was filtered and washed with water. 

Identificatiofi of Saponin, — The precipitate from above was suspended in water 
and decomposed by passing a current of hydiogen sulphide and filtered. The filtrate 
on concentration under reduced pressure gave a very small amount of a dark red semi- 
solid and an yellow liquid which frothed considerably on shaking. The sem-isolid 
material was found to be bitter. No definite crystalline compound could be isolated 
from this semi-solid material. The yellow solution on hydrolysis reduced Fehling's 
solution after heating for a long time and keeping for several hours. These properties 
indicate the presence of a sai^onin material in the liquid. 

Identification of Sugar, — The filtrate and the washings from above, after removing 
the precipitates of lead salts, were mixed together, deleaded, filtered, and the filtrate 
concentrated to a small bulk, when a veiy small amount of white shining needles 
separated, which were removed by filtration. The filtrate was then digested with alcohol 
(redistilled rectified spirit) for over 2 hours and cooled. No compound separated from 
this. A portion of this filtrate on hydrolysis gave a faint indication of the presence of 
a reducing material. 

The needle-shaped crystals from above had a very faint sweet taste and their 
melting point was above 300''. 

The syrupy liquid after removal of the needle-shaped crystals, gave an osazone, 
m.p. 204-205®. No other compound could b? isolated from the alcohol extract. 

Chemistry Department, * Received August 19, 2949. 

KAItMATAX CoUiEGS, DhARWAR. 
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CHEMICAL. EXAMINATION OF THE SEEDS OF JATROPHA 
GLA ND ULIFERA , ROX B . 

By R.E. Alimchandani, R.C Badami and M.C. Tummin Katti 

The seeds contain 50% of kernels and 22% of a pale, brownish yellow oil. They are found to con- 
tain palmitic, stearic, oleic and linoleic acids; sitosterol (m p 13/1-35"), a phytosterol (m.p. 122-24*), 
tannin, glucose (osazone, in p. 203-204*) and a large amount of a reducing material together with 
some resinous substance No acid corresponding to or similar in structure as ricinoleic acid could be 
isolated from the unsaturated acids 

Jatropha /^landuUfera is a shrub common at the outskirts of villages in Bengal, 
Burma, the Northern Circare and Deccan. It is found to grow abundantly on the bunds 
of tanks. The plant is also prevalent in the waste lands of tropical Africa. 

The constituents found in the plant are similar to those of Jatropha curcas and 
also in action. It is purgative, countei -irritant and stimulant. The leaves have a bad 
taste, act as emmenegogue and arc analgesic. They lessen inflammation, asthma, bron- 
chitis, lumbago, and are useful in scorpion stings. The root is good for piles. The 
root, brayed with water, is given to children suffering fiom abdominal enlargements. 
It purges and is said to 1 educe glandular swellings. The juice of the plant is used to 
remove films from the eyes. The fixed oil from the seeds has purgative properties. 
It is applied to joints in chronic rheumatism, chronic ulcerations, sinuses, ringworm, 
paralysis and also to foul wounds (Kirtikar and Basil, "Indian Medicinal Plants", 
and Ed., Vol. Ill, pp. 2241-2242 ; Nadkarni, "Indian Materia Medica"; Menon, /. Soc- 
Chem- Ind-t 1910, 29 , 1428). 

The only mention in the literature regarding the chemical examination of Jatropha 
glandulifcia is that of Menon {loc. cit,). He has determined some physical constants 
of the fixed oil from the seeds prepared 4 01 5 yeais previously and his work is of a 
very preliminary nature. 

The plant belonging to Kuphoibiaceae and the oil being a drastic purgative, the 
latter is usually surmised to be similar to castor oil, particularly with reference to the 
presence of ricinoleic or other acid of a similar structuie. This view is shown to be 
incorrect in the case of Jatropha curcas by Tummin Katti, Alimchandani and Gouder 
(/. Univ. Bombay, 1945, 14 , Part III, p. 34). The present investigation was 
taken up to throw further light on the purgative principle of the seeds with special 
reference to the nature of the tatty acids in general and of the unsaturated acids in 
particular. 


Experimental 

The seeds for the present investigation were collected from places round about 
Kurnool in Madras Province. 

The seeds contain 50% of keinels and 22% of a pale, brownish yellow oil. 

* This work formed part of a thesis submitted by R.C. Badam' to the University of Bombay for tb 9 
M.Sc. degree. 

3— X7atP— n 
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Pfeliminary Examination 


The crushed seeds (loo g.) were extracted successively with the following solvents 
and the, extracts dried at loo*". 


Extract. 

Petroleum ether (b.p. 30*-6o*) ... ... ... 33.2% 

Ethyl ether ... ... ..33 

Chloroform .. ... ., ... 0.4 

Ethyl acetate ... ... ... ... 0 6 

Ethyl alcohol ... ... ... ... 3 ^ 


Total 27.9 


The seeds weie not found to contain any alkaloidal material when tested with 
Prollius fluid. On distilling 200 g. of the crushed seeds with steam, a very small 
amount of a pale yellow, oily material was obtained. The aqueous extract of the seeds 
contained tannins, some reducing material and polysachharides. 

The powdered seeds (2.5 kg.) were percolated with cold rectified spirit and the 
solvent removed from the percolate by distillation under reduced pressure. The syrupy, 
dark brown residue was dried on fine shreads of filter-paper pulp and extracted succes- 
sively with petroleum ether, ethyl ether, chloroform, ethyl acetate and ethyl alcohol, 
and the extracts were examined separately. 

Petroleum Ether Extract , — The solvent-free extract was digested with 90% alcohol, 
(a). The alcohol-soluble portion was sai.onified and the dry soap extracted with ethei . 
The ether-soluble portion was washed free of jioap and digested with chaicoal for an hour. 
The pale yellow extract on repeated crystallisations from 75% alcohol yielded white, 
shining crystals (m.p. 122-24°) wdiich gave all the characteristic colour tests of phytos- 
terols; the acetate, m.p. 109-10®. The ether-insoluble sodium salts of the fatty acids, 
mixed with the corresponding salts of the fatty acids fiom the oil obtained by direct 
petroleum ether extract of a fresh portion of powdered seeds, were examined separately. 

(b). The alcohol-insoluble portion, when woikcd in like manner as above, gave a 
phytosteiol (m.p. 122-24^ ; acetate, m. p. 109-10°) and no other compound could 
be isolated. 

Ethyl Ether Extract . — The solvent-fiee extract w^as dissolved in chloroform and 
poured into a flask containing a large excess of petroleum ether (b. p. 6o°-8o"). No solid 
separated, but only a brown, viscous, resinous material settled to the bottom of the flask. 

This petroleum ether-insoluble resinous .mateiial had the consistency of rubber. 
It had no taste and it did not reduce Pehling’s solution. All attempts to get a definite 
crystalline material from this substance were unsuccessful. 

The petroleum ether-soluble portion gave a small amount of a dark oily mass from 
which nothing definite could be isolated. 

Chloroform Extract . — The solvent-fr^e, pale brown extract was dried on a water-bath 
jpnd dissolved in 8o% alcohol and digested with charcoal. On concentrating the filtrate 
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and keeping overnight, a few white crystalline particles were found to float on the sur- 
face ; but on further concentration, these particles turned yellow and set to a resinous 
mass. A portion of this extract reduced Fehling’s solution with difiSculty but on hydroly- 
sis the reduction was instantaneous, indicating the presence of a polysachharide. How- 
ever, all attempts to isolate a definite crystalline compound were unsuccessful. 

Ethyl Acetate Extract , — After complete removal of the solvent, the dark brown ex- 
tract, which was slightly sweet to taste, was digested as above with charcoal, and the 
filtrate on concentration did not deposit any crystalline material. It readily reduced Fehl- 
ing's solution, showing the presence of a considerable amount of some reducing material. 
Nothing crystalline could be isolated from this extract. 

Alcohol Extract , — After removal of the last traces of the solvent by distillation under 
reduced pressure, the sweet, syrupy, dark Iirown residue was dissolved in water and the 
solution treated with basic lead acetate. The pale yellow precipitate was filtered and 
washed with water. It was suspended in water and deleaded. No solid separated on 
concentrating the filtrate. It reduced Fehling’s solution. A portion of the filtrate on treat- 
ing with ferric chloride solution was coloured bluish green indicating the presence of 
tannin. The presence of tannin was further confirmed on treating another portion 
of the filtrate with potassium dichromate solution yielding a brown precipitate. 

Identification of Sugar , — The filtrate and washings, after removing the precipitates 
of lead salts, were mixed together and deleaded The filtrate was concentrated to a 
syrup. This syrupy residue was distinctly sweet to taste. On digesting the syrup 
for about 2 hours with redistilled rectified spirit, a very small amount of a white crystal- 
line solid separated which was sweet to taste. This solid could not be worked further 
for want of sufficient material. However, a small amount of the solution of these crystals 
readily reduced Fehling*s solution. 

The syrupy lesidue, left after removal of the rectified spirit from the filtrate from 
above, yielded an osazone which on recrystallisation from pyridine and alcohol, melted 
sharply at 203-204®, indicating the presence of glucose. No other compound could be 
isolated from the alcoholic extract. 


Fatty Oil 

The crushed seeds (2 kg.) were extracted with petioleum ether (b.p. 30^-60®) in a 
modified soxhlet (Tunimin Katti, J, Indian Chem. Soc,, 193O1 T, 210) continuously for 
about 24 hours and the solvent removed. The purified oil had the following constants : 


Ref. index at 37* 

.. 1.4672 

Iodine value (Haims) 

... 121.5 

Sp. gr. at 37* 

... 0.9216 

Reichert-Meissl value 

... 0.5234 

Sapon. value 

.. 209.x 

Hehner value 

... 916% 

Acetyl value 

16.46 

Unsapon. matter 

••• ^^53 % 
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Mixed Faity Acids 

The oil (205 g.) was saponified and the resulting dry hard soap was extracted wdth 
ether in a soxhlct to obtain the unsaponifiable matter. The residual soap powder w'as 
freed from ether and mixed with the sodium salts of fatty acids obtained from the 
alcoholic extract of the seeds, as mentioned beforct and the fatty acids were liberated 
and purified. The mixed free fatty acids had the following constants : mixed fatty 
acids, 91.7 % ; mean M.W., 275.5 J iodine value (Hanus), 126.2. 

The mixed free fatty acids (150 g. approx.) weie separated into saturated and un- 
saturated acids by Twitchell’s lead-salt-alcohol method (Tnd. Eng. Chem., 1921, 13 , 
806). The liberated saturated and unsaturated acids had the following constants : 


Percentage 
Mean M.W. 

Iodine value (Hanus) 


Saturated. 

13. 1 

266.9 

5-2 


Unsaturated. 

86.9 

287.0 

135 o 


Liquid Fatty Acids 

The liquid acids were estenfied w'ith absolute methyl alcohol in the usual manner 
and 49 g. of these methyl esters were distilled under 10 mm. pressure. 


Fraction. 

Temp, range. 

Wt.. 

M.W. 

Iodine value 
(Hanus). 

I 

up to 150* 

2.3 g- 

240.0 

60.4 

II 

I50*-i65* 

1-5 

255-5 

68.9 

III 

i65--i85" 

2.4 

280.0 

89.7 

IV 

i 85 ’-i 95 " 

5.6 

286.2 

100.2 

V 

i 95 *- 209 * 

18.2 

287.4 

102.4 

VI 

209*-2l0® 

4.8 

288.1 

1 * 4-3 

VII 

Residue 

14.2 

Total 49.0 

288.6 

119.8 

Fractions 

I and IT probably 

consiste'd of 

decomposition products ; and hence 


fractions III — VII were selected for further investigation. 

Fractions III — VI were mixed together and about 5 g. of the ester mixture were 
saponified and oxidised according to the method of Lapworth and Mottram (/. Chem. 
5 oc., 1925, 1628). From the mixture of hydroxy-acids, thus obtained, the following 
were isolated. 



CHtikiCAL EXAMINATION OF THE SEEDS OF JATROPHA GLASDVLIFERA 


Acids. 

M.p. 

M.W. (found). 

M.W. (calc 

Dihydroxy stearic 


315 

3164 (oleic) 

Tetrahydroxystearic 


347 

348 4 (linoleic) 


A portion of fraction VII was saponified and the liberated acids were brominated 
according to the method of Eibner and Mugganthaler (Lewkowitsch, "Chemical' Tech- 
nology and Analysis of Oils and Fats”. 6th Kd., Vol. I, p. 585). A white crystalline 
compound, tetrabromostearic acid (m. p. 113-14°) was obtained, indicating the 
presence of linoleic acid in the liquid acid mixture From the filtrate no hexabromo- 
stearic acid could be isolated. 

Thus the liquid unsaturated acids were found to contain only oleic and linoleic 
acids. 


Solid Fatty Acids 

The mixture of solid acids were converted into their methyl esters in the usual 
manner and 19 g. of the ester mixture were distilled under 15 mm. pressure. 


l^raction. Temp, range 

wt. 

M.W 

Fraction. 

Temp, range. 

wt. 

M.W. 

I below 194* 

323 g. 

259-3 

V 

i 97 *-i 99 * 

2.90 g. 

3854 

II below J94* 

2.83 

356 2 

VI 

I 99 *- 202 * 

1.80 

286.9 

III i 94 *-i 95 * 

2.12 

268.2 

VII 

202® and 
above 

1-39 

386 3 

IV I 95 **I 97 * 

3.45 

283.5 

VITI 

Residue. 

Total 

1.38 386.7 

19.00 

Fractions I & ll.- 

—From each 

of these 

fractions 

pure palmitic 

acid (m.p. 61.5* 


M.W. 255.4) was isolated as the principal constituent. The identity of the palmitic 
acid was further established by taking a mixed m.p. with an authentic pure sample. 

Fraction III. — From this fraction a small amount of palmitic acid (m.p. 61° > M.W. 
257) was isolated. The filtrate gave an acid, m.p. 58-59°, with M.W. of 267, probably 
a mixture of palmitic and stearic acids. 

Fraction IV. — From this fraction an acid which melted at 63-69° and with a 
M.W. of 282 was isolated. The filtrate gave an acid (m.p. 57-58° ; M.W. 270), which 
could not be improved further. 

Fractions V - VII. — From each of these fractions pure stearic acid (m.p. 68-69° » 
M.W. 284.3) was isolated. The melting point remained unchanged on mixing with 
pure stearic acid. 

Thus from the solid acid mixture, only palmitic and stearic acids could be isolated. 
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Un saponifiable Matter 

This was a reddish, oily, semi-solid material. On digesting repeatedly with charcoal 
in 95% alcohol and crystallising the product, pure white crystalline compound 
answering to all the colour tests of phytosterols was obtained. It melted at 134*35® 
and yielded an acetate melting at 121-22®. This substance is therefore identified 
as sitosterol. No other compound could be isolated from the mother-liquor. 

DEPARTMENT OP CHEMISTRY, Received August 9, 1949. 

Karnatak Couige, Dharwar. 
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CONDITION OF SPARINGLY SOLUBLE SALTS OF COPPER AND 

SILVER IN GELATIN 

Bv A. C. Chatterji and M. C. Rastogi 


The condition of various sparingly soluble salts of silver and copper in gelatin sol has been studied. 
The E. M. F. of these salts in gelatin at various concentrations was measured and the percentage of 
cations of the respective salts calculated. The tow percentage definitely indicates that the sparingly 
soluble substance is not in the ionic condition as is required for supersaturation, but is in the colloidal 
state. 


Among the several theoiies of Liesegang ring formation “Supersaturation theory'' 
of Wilhelm Oslwald (“Lehrbuch der allgeminen Chemie", Leipzig, 2nd Ed., ii, p. 
778) and “Coagulation theory'' of Dhar and Chatterji (Kolloid Z., 1922, 31 , 15 ; 
ig25, 87 , 2) are of general application. The essential difference between these two is 
that the sparingly soluble substance, immediately before the precipitation, exists in 
highly supersaturated state according to Ostwald, while according to the latter authors 
it remains as a sol. Although Hedges and Bradford (cf. Chem, Ind., 1929, 48 , 233) have 
suggested that ihere may be very little difference between the above two conditions, 
yet it is of vital importance to know the exact conditions of the salt prior to the forma- 
tion of the rings. Willtams and Mackenzie (/. Chem, Soc., 1920, 117 , 844), Bolam and 
Mackenzie (Trans, Faraday Soc,, 1926, 22 , 151), Bolam and co-workers (tbid., 1928, 
24 , 463 ; 1930, 26 , 133 , 1933, 29 , 84), Desai and co-workers (ibid., 1932, 28 , 449 ; 
/. Indian Chem, Soc,, 1934, 11 , 45) and Andrew van Hook (/. Phys. Chem., 1938, 42 , 
1191 ; 1940, 44,422; 1941, 48 , 1194) arc of the opinion that the salt is in the ionic 
condition, whereas Sen and Dhar (/vo/ioid Z., 1924, 84 , 270), Dhar and Chatterji (loc, 
cif. ; Tians. Faraday Soc., 1927, 23 , 23), Chatterji and Dhar (/. Indian Soc., 

1928, 8, 175) and Chatterji and J. M. Dhar (ibid., 1930, 7 , 177) do not agree with the 
above view, and regard the sparingly soluble salt to be mainly in the colloidal state. 
The present work has been undertaken in order to have a quantitative idea of the 
condition of the sparingly soluble salts in presence of gelatin. Silver chromate in 
gelatin or lead iodide in agar agar has already been investigated in greater detail. It 
has been suggested that these salts are in the ionic state. These salts form either 
complexes or* are soluble in the excess of either of the reagents and it presents difficul- 
ties in interpreting the results. It has been found that the sparingly soluble salts of 
this type give a large percentage of ions and dissolve in excess of one of the reagents. 
To test further this point a large number of the sparingly soluble salts have been exa- 
tnhied by E* M. P. method. 
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Exphrimbntai. 

The work has been done on the same lines as of Chatterji and J- M. Dhar (loc. 
cit.). The same preparation of gelatin was used throughout the experiments. The 
results obtained are given below. The cell used was as following : 

I MNOj I KNO, I Sparingly soluble I ^ where M was used 

“ I M/io \ normal | salt in gelatin | of Ag and Cu. 

Concentration of gelatin used was 5% in each experiment. 


Table I 

With silver ferrocyanide. 


No. 

E. M. F. 

Cone, of the salt. 

Cone, of \g p**esent as ions. 

% Ag as ions. 

1 

0.2268 volt 

10,000 NX 10’* 

11.72 Nx 10"® 

0,1172 

3 

0.2497 

5,000 

4.72 

0.0944 

3 

0.2728 

2,500 

1.91 

0.0764 

4 

0.2862 

I |250 

1 . 14 

0.0890 



With silver ferricyanide. 


I 

0.3251 

100,000 N X 10 ^ 

2.371 N X io "7 

0.0023 

2 

0 . 3^53 

50,000 

• 3-476 

0.0069 

3 

n 3149 

25,000 

3-573 

0.0143 

4 

0.3052 

12,500 

5-225 

0.0418 



With silver thiosulphate. 


I 

0 2324 volt 

10,000 N X 10'® 

9.399 N X 10"® 

0.0939 

2 

0.2570 

5,oc() 

3-532 

0.0706 

3 

0.2446 

2,500 

5-754 

0.2310 

4 

0.259s 

1.250 

3.192 

e. 2 S 40 



With silver iodate. 


X 

0.1608 

100 N X io"< 

1.483 N X 10"^ 

00 

2 

0.1487 

50 

2.583 

5.166 

3 

0.1499 

25 

4-335 

17.340 

4 

0.1518 

12.5 

2.302 

18.416 
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TABtt 11 

With copper ferrocyaulde. 


No. 

E. M. P. 

Cone, of the salt 

Cone, of Cu present as ions. 

% CvL ions. 

I 

0.06751 volt 

1,000 N X 10“^ 

17.06 Nx io“* 

1.706 

2 

0.08223 

500 

5-39 

1.058 

3 

o.ogogS 

250 

2.61 

1.055 

4 

0.10280 

125 

1.02 

0.820 



Wtih copper ferricyanide. 


I 

0.08923 

10,000 N X 10"* 

3.01 NX io“* 

0.301 

2 

0.11300 

5»ooo 

4.07 

o.oSz 

3 

0.12040 

2,500 

2.01 

0.080 

4 

0.12600 

1.250 

1.62 

0.X30 



With copper borate. 


I 

0 0S901 

1,000 NX 10’* 

1.538 Nxio*‘ 

0.153 

2 

0 08620 

500 

1-979 

0.396 

3 

0 09966 

250 

0.654 

0.262 

4 

0.10200 

125 

0.541 

0.432 



With copper h>droxide. 


i 

0.05546 

1,000 N X 10'* 

1.106 N X lo"* 

O.IIO 

2 

0.06146 

500 

1.311 

0.262 

3 

0.07451 

250 

0.976 

0.390 

4 

0.08720 

125 

0.90Z 

0.721 



With copper arsenate. 


z 

0,09814 

1,000 NX lo'* 

15.87 Nxio’"^ 

1-587 

2 

0.09094 

500 

13-57 

2.714 

3 

0.09462 

250 

4.81 

Z.926 

4 

0.09594 

125 

1-77 

1.418 


Discussion 

From the* foregoing results it will be found that in the cases of silver ferrocyanide. 
ferricyanide, thiosulphate, and copper ferrocyanide, ferricyanide. borate, hydroxide, 
and arsenate the percentage of the respective cation, which is in ionic condition, is 
small, whereas in the case of silver iodate, it is found that the percentage of silver in ionic 
condition is more than that found in the other group. It is about i8% in the smallest 
concentration used. . It is lo times the solubility. The mere fact that many sparingly 

4— i7aiP— « 
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soluble salts, which give quite good rings, are not found in the ionic state, wheieas) 
only a few salts like silver chromate, lead iodide and silver iodate show signs of exist- 
ing in appreciable quantity m the ionic state, causes considerable doubt on the general 
hypothesis that every sparingly soluble salt must be in supei saturated condition 
Further work in this diieclion is iii progiess in this laboratory with a view to extending 
the investigation to a laige number of sparingly soluble salts in order to elucidate the 
true cause of the phenomenon of some salts indicating a larger percentage to be in the 
ionic state than is the case with most other salts. 

Chemical Labobatoriis, Received August 29, 1949,. 

Lucknow University, Lucknow 
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APPLICATION OF MIXTURE LAW TO RHEOCHOR. PART III. 

By M* V. Sabnis, W. V. Bhagwat and H. G. Silawat 

The application of mixture law to rheochor for non-associated liquid in associated solvezzt has been 
investigated. The non-associaled liquids investigated are benzene • toluene, chloroform and carbon 
tetrachloride in the associated solvent, methyl alcohol. Tt is observed that the law is applicable in all 
cases. For chloroform, however, for low concentrations the deviation is somewhat more. 

In previous papers (this Journal, 1944, 21 , 29 ; 1946, 28 , 349 ; 1948, 28 , 165, 575) 
the application of mixture law to rheochor, when liquid mixtures are considered, has 
been discussed. According to Hammick and ‘Andrew (/. Chem. Soc., 1929, 754) 
the liquid mixtures have been divided into three groups : (i) non -associated solutes 
in non-associated solvents, (ii) associated liquids in non-associated solvents and (iii) 
associated liquids in associated solvents. The group liit) was investigated by us in 
Parts I and II (loc, cit,). In this paper we have extended this work to non-associated 
liquids in associated solvents (group ii). 

To obtain a correct idea of the applicability of the mixture law, it is necessary to study 
the mixtures over the whole range of molar concentrations i. e. from o to i. Similar 
procedure was followed by Hammick and Andrew (/oc. cit.) in the case of parachor of 
liquid mixtures. In case of rheochor, however, it is necessary to investigate the 
applicability at different temperatures, since the rheochor values change with tempera- 
ture and rheochor constants are determined from the values as obtained at boiling point. 
Following tables show our results. 

Non-associated Liquids in Associated solvents 
X, D, Tj, Mm, Rm and Rx have the same significance as given in previous papers. 

Tabiu I 

Benzene in methyl alcohol. 

Temp, ss 30*. 


0. 

2). 

ilXZO*. 

Mm. 

JRm. 

Rm. 

0.0000 

0.7903 

5.C0 

33.00 

SO.30 

— 

0,057a 

0.7990 

5.6a 

34.63 

53.80 

ZZ 2.0 

O.Z598 

o.8za7 

5-64 

39.38 

6o.z8 

tzi .8 

o.a 553 

o.8a2Z 

5.60 

43.73 

65-98 

ZII.7 

0.3449 

0.8307 

5.63 

47.87 

72.61 

in.s 

0.4474 

0.8420 

5*59 

53.36 

78.47 

11Z.2 

0.7425 

0.8551 

5-46 

66.16 

# 

95.68 

ZZZ.4 

0.8277 

0J806 

5-40 

70.08 

ZOO.78 

ZZX.3 

1.0000 


5.70 

78.00 

— 

xza.0 



534 


M. V. SABNIS, W. y. BHAGWAT and S. G. 9 ILAWA 1 : 


Tablb I (contd.) 
Temp. =40*. 


X. 

D. 

V V 10*. 

Mm. 

Rm. 

Ki. 

0.0000 

0.7823 

4-90 

32.00 

50.01 

— 

0.057a 

0.7903 

5.00 

34.63 

53.59 

III. I 

0.1598 

0.8037 

4.91 

39.38 

59.77 

110.3 

0.2552 

0.8139 

505 

43-73 

65.67 

no. 2 

0-3449 

0.8219 

5.07 

47-87 

71.08 

110.7 

0.4474 

0.8321 

4.78 

53.36 

77.98 

109.9 

0 - 74^5 

0.846S 

4.69 

66.16 

94.82 

110.4 

0.8277 

0.8534 

4.90 

70.08 

100.20 

110.6 

i.ouoo 

0.8537 

4.90. 

78.00 

— 

III 4 



Temp. 

II 

0 

• 



0.0000 

0.7747 

4.16 

32.00 

49 74 



0.0572 

0.7817 

4.15 

34.63 

52.9* 

109.6 

0.159S 

0.7971 

4. II 

3938 

58.80 

109.0 

0.2552 

0.8070 

4.18 

43-73 

64.54 

109.2 

0.3449 

0.8131 

4.05 

48.00 

70.28 

109.3 

0.4474 

0.8238 

4.14 

53.36 

77.37 

109 6 

0.7425 

0.8385 

4. II 

66.16 

94.04 

109.6 

0.8277 

0.8420 

4.13 

70.08 

99.38 

109.8 

1. 0000 

0.8447 

4.18 

78.00 

— 

109.2 


The mixture law seems to be completely applicable in case of benzene, dissolved 
in methyl alcohol, the values of JSi SA obtained is practically constant although the 
molar fraction of benzene is changed from o to i for the same temperature. The value 
of Rx falls with increase of temperature from iiz to no. The drop in the value of 
Rl i^ gradual and. is consistent with the fall in values of R of pure liquid with tempera* 
ture. The following table with ptyre liquid will illustrate this. 




Tablb II 



Temp. ... 6o* 

• 

8o* 

109* 

140* 

180* 

R (benzene, b.p. 88*) 110.4 

1x0.4 

109.8 

109.8 

109.2 


will be observed that for b^zene, temperature has very> little effect on S’. This 
is alM borne out i(i tfie mixtures w«t have studied St different tstQ8<U*atures. Our value 
of Rx is comparable with the valine of R given in the above tablp (|^tiend and Hamreave, 
Phill. Mag., 1921, iv, 3 i, 943, 644) . The Value of i!i cannot be compared with the calcula- 
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ted value, since the value of R for CeH« is determined from, the study of £ of benzene 
derivatives omitting benzene as it gives very difimrent value for R (C«H«). 


Tabi,b III 

Carbon tetrachloride in methyl alcohol. 
Temp. = 30*. 


X 

D, 

TI X 10'. 

Mm. 

Rm. 

Rx 

0.0000 

0.7903 

4.90 

32.00 

50.30 

■— -k- 

0.0355 

0.8863 

5-40 

36.33 

53.13 

129.7 

0.1574 

1.0640 

5-94 

51.25 

63.10 

130.5 

0.2723 

I. 1720 

6.65 

65 21 

71.94 

129.8 

0.4653 

1.2830 

7.10 

86.50 

90.26 

129.6 

0.6066 

X.4380 

7.60 

106.08 

98.28 

129.4 

0.7506 

1.4790 

7.66 

122.18 

108.64 

129-5 

O.QOIO 

1.5430 

7.80 

141 98 

121.90 

129.7 

1. 0000 

1.5740 

7.96 

154.00 

— 

129.7 



Temp. 

= 40 *. 



0.0000 

0.7823 

4.90 

32.00 

50.01 

— 

0.035s 

0.8655 

5.40 

36.33 

52.90 

129.7 

0.1574 

1.0440 

5-94 

51.25 

65.52 

130.5 

0.2723 

1.1620 

6.65 

65 21 

71.28 

129.8 

0.4653 

1.2790 

7.10 

86.50 

86.37 

129.6 

0.6066 

I 4169 

7.60 

106.08 

97-71 

129.4 

0.7506 

1.4520 

7.66 

122.18 

108.29 

1*95 

0.9010 

1.5364 

7.80 

141.98 

120.56 

129.7 

I.OOOO 

1.5650 

7.96 

154.00 

— 

129.7 



Temp. 

= 50 *. 



0.0000 

0.7747 

4.16 

32.00 

49-74 

— 

0.0355 

0.S569 

5^10 

36.33 

51.97 

126.9 

0.1574 

1.0320 

5^43 

51.25 

61.32 

125.9 

osa723 

K1593 

6.12 

65.21 

70.52 

127.4 

0.4653 

1.1990 

6.42 

86.50 

91.05 

ra6.6 

Q.io66 

t.4010 

6.82 

106.08 

96.16 

127.2 

0*7506 

1.4460 

6.98 

ta2.x8 

107.71 

126.9 

0*9010 

T-5255 

7.06 

141.98 

X19.00 

127.2 

IaQOOO 

115560 

7tia 

154.00 

— 

127.9 


l^ealo. 
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In c^ise of carbon tetrachloride dissolved in methyl alcohol also^ the mixture law 
holds for all molar concentrations. The values of are higher than the calculated 
value and fall with increase of temperature and approach the calculated value as the 
temperature increases. This is as expected as the value is at the boiling point of 
the liquid. The deviation of Rx observed by us at lower temperature from i?caio. is 
much greater in this case than in the case of benzene-methyl alcohol mixture, because the 
value of R for pure CCI4 varies appreciably with temperature. Friend and Hargreave's 
results {loc. cit., p. 644) will illustrate this. 


Table IV 


Temperature 

... 

6o* 

loo* 


i8o* 

R (CCI4) 


126.0 125. 1 

Table V 

Chloroform m methyl alcohoh 
Temp. =30*. 


124.2 

X. 

D. 

Tj X 10*. 

Mm. 

i^ma 

R*. 

0.0000 

0.7903 

5.60 

32.00 

50.30 

— 

0.0499 

0.8539 

5-90 

36.3s 

53-15 

106.8 

0.1326 

1.0740 

6.42 

43-59 

51-14 

106.3 

0.3228 

1. 1190 

6.53 

60.25 

68.12 

105.5 

0.4234 

X.I890 

6.34 

69.03 

73.16 

104.6 

.5123 

1.2370 

6.21 

76.83 

77.6a 

103.4 

0.6981 

1.3440 

6.08 

93.07 

86.80 

102.6 

0.8262 

1.3960 

6.10 

X04.28 

93.67 

102.8 

x.oooo 

1.4590 

6,10 119.50 

Tctnp.»4o*, 


X02.9 

0.0000 

0,7823 

4.90 

32.00 

50.0X 


0.0499 

0.8441 

5-27 

36.35 

5^.38 

^^5.7 

0*1326 

1.0610 

5-57 

43-59 

50-89 

105.2 

0.3228 

1. 1090 

5.66 

60.25 

67.50 

103-9 

04234 

1.1690 

5'54 

69.03 

72.98 

104. 1 

0.5123 

Xv2290 

5-49 

76.83 

77-39 

103.4 

0.6981 

1.3290 

5.45 

9307 

S6.56 

702.3 

0,8262 

1.3750 

5.50 

¥04.28 

93-57 

102.8 

4*0000 ‘ 

14440 

5-57 

XX9.SO 

_ 

102^ 
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Taalb-V ioonid.) 

Temp, ^ 50 *. 


X. 

D. 

1?XI0* 

Mm. 

Rm • 

Rx. 

0.0000 

0.7747 

4.16 

33.00 

49-71 

— 

0.0499 

0.8337 

4-39 

36.35 

sa.46 

105.0 

0,1326 

I. 1040 

4.48 

43.59 

50.54 

zo 4«9 

0.3228 

1.1083 

4.57 

60.25 

67.14 

103.7 

0.4234 

1. 1570 

4.68 

69.03 

7 a .34 

103.6 

0.5123 

1.2270 

4.74 

76.83 

76.09 

102.8 

0.6981 

1.3130 

4.82 

93.07 

86.26 

102.7 

0.8262 

1.3690 

4.96 

ZO4.28 

93.09 

102.3 

1. 0000 

1.4240 

4.91 

119.50 

— 

102.3 





l^oale. 

(b.p.) as roo.2 



Table VI 

Toluene in methyl alcohol. 
Temp. =30*. 




D. 

i|Xio\ 

Mm. 

Rm* 

Rx* 

0.0000 

07903 

5.60 

32.00 

50.30 

— 

0.0724 

0 8044 

5. 88 

36.35 

60.26 

J34.4 

0.1636 

0 8179 

5.88 

41.84 

63.84 

133.0 

0.3517 

0 8307 

5.69 

53.15 

79.05 

» 33-3 

0.5095 

0 8392 

5.44 

62.66 

92.26 

X32J6 

0.6126 

0.8447 

5.39 

68.85 

100.61 

132-4 

0 7321 

0.8494 

5*32 

76.04 

. 110.27 

132.2 

0.8541 

0.8551 

5.27 

83.12 

XI9.50 

X32.0 

1. 0000 

0.8586 

5.38 

92,14 

— 

132.4 



Temp. =40*. 



0.0000 

0.7823 

4.90 

32.00 

50.01 

— 

0.0724 

0.7938 

5.00 

36.35 

59.84 

132-3 

0.1636 

0.8050 

5-03 

41.84 

63.59 

132.4 

0.3517 

0.8221 

4.87 

53.15 

78.79 

131.7 

0.5095 

0.8303 

4.85 

62.66 

91.94 

132.2 

0.6126 

0.8351 

4.80 

68.85 

100.03 

131.6 

0.7321 

0.8422 

4.75 

76.04 

109.70 

131.3 

0.8541 

0.8437 

4.64 

83.12 

1x9.50 

131-4 

Z.OOOO 

0.8498 

4.81 

9 a-X 4 

— 

131-9 
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Tasib VI (trntd.) 
Temp. "SO*. 


X. 

D. 

V * 10*. 

Mm. 

Am. 

Rx. 

0.0000 

0-7747 

4.16 

33.00 

49 - 7 * 

— 

0.0724 

0.7859 

4.33 

36.3s 

59.30 

130.2 

0.1636 

0 7962 

4.41 

41.84 

63.27 

129.7 

0.3517 

08137 

4.07 

53.15 

77.82 

130.5 

0.5095 

0.8215 

4.20 

62.66 

91.28 

131.2 

0 6126 

0.8239 

4-13 

68.85 

99.76 

131-4 

0.7321 

0.8283 

4.10 

76.04 

109.45 

131.3 

0.8541 

0.8377 

4.08 

83.13 

118.30 

130.3 

x.oooo 

0.8403 

4-*4 

92.14 

— 

131.4 


J?c»lo. (b.p.)=i 3 o 


The results obtained for CHClj and CCI4 in methyl alcohol are similar. The value 
of J?i falls with temperature as expected. In case of CHClj, however, at lower concen* 
tralions the value of Rx deviates rather appreciably, but for higher concentiations the 
deviation is not appreciable- The high results at lower concentrations or for dilute 
solutions have beett obtained at all the three temperatures, although the variation is 
much less' at higher temperatures. Toluene, however, does not show this discrepancy. 
Thus, it may be stated that the mixture law is applicable for non -associated liquids in 
associated solvent, methyl alcohol. 

CmulSTRY Depaksvint, 

Madbav Courcb, Ujjain 

AND Received August at, 1949. 

Bmxar Couigi, Iiwmb. 
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BEHAVIOUR OF NITROPHENOES WITH /)-TOLUENK SULPHONYL 
CHLORIDE. PART V. ABNORMAL BEHAVIOUR OF SOME 
DINITROPHENOLS WITH METHYL GROUP IN 
THE META POSITION 

By Shiam Sunder Joshi and Bankey Behari Lal Kapoor 

Behaviour of 4-bromo-3-iiiethvl-2 6-din itrophenol, 3 diinethyl-2 4 dinilrophenol and 4'Chloro-3 *5- 
dimethyl-2 6-dinitrophenol has been studied. They are all found to form />'toluene snlphonic acid esters 
in sodium carbonate solution 

Abnormal behaviour of some dinitrophenols has been observed by several workers 
(Ullmann and co-workers, Bci., 190S, 41, 1870 ; 191 t, 44, 3731 ; Sane and Joshi, 
/. C hem- Soc., 1924, 2481 ; /. Indian Chem Sac , 1928, 5, 299; 1Q32, 9 59 ; Sen, ibid., 
T946, 23, 53). One of such an abnormality manifests itself in the replacement of 
the hydroxyl group by a chlorine atom when heated with />-toluenesuIphouyl chloride 
and diethylaniline in the case of those nitrophenols in which the nitio groups are either 
in the ortho positions or in the ortho and />ara positions to the hydroxyl group. By 
heating these nitrophenols with the acid chloride and an aqueous solution of sodium 
carbonate, />-toluene sulphonic esters are obtained. If these nitrophenols have a chlorine 
atom in the meta position, it shows hardly any effect in their behaviour, but a methyl 
gioup in the meta position exerts in some cases a marked influence. In a few cases 
the hydroxyl group is leplaced by chlorine, whilst in others it is not so. They are, 
however, readily converted into their sulphonic acid esters. 

The behaviour of these esteis towards ammonia, aniline, etc. is not similar. The 
esters of all those dinitrophenols in which the hydroxyl is leplaced by chlorine are found 
to be reactive, “OSO2.C7H7 group being replaced by -NHj, -NHPh, etc. group. 
The esters of those nitrophenols that have a methyl group in the meta position do not 
behave in one way. Some esters such as those of 4 : 6-dinitro-m-cresol and 2-iodo-4:6- 
dinitro-m-cresoi are leactive, whereas others such as those of 4-chloro-2: 6-dinitro-m- 
cresol and 3 ; 6-dimethyl-2 : 4-dinilrophenol are unreactive under similar conditions. 

In the present communication the behaviour of 4-bromo-3-methyl-2. 6-dinitrophenol, 
3:5-dimethyl-2:4-diuitrophenol and 4-chloro-3.5-dimethyl-2 :6-dinitrophenol has been 
Studied. They all form /^-toluene sulphonic esters in sodium carbonate solution. The first 
one forms only the sulphonic acid ester when heated with the acid chloride and diethyl- 
aniline, whilst the last two do not form even an ester under similar conditions. In none 
of these cases* the hydroxyl is replaced by chlorine. All these esters are quite stable and 
unreactive towards ammonia and aniline. 

ElIrPERIMBNTAL 

y.S-Diineihyl-2:4^diniifophenoU— To a mixture of sulphuric acid (34 c.c., d 1.58) 
and nitric acid (24 c.c., d 1.33) was added 3;5-dimethylphenol (10 g.) in small quanti- 
5~i7azP— II 
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ties with vigorous stirring. The product was then heated on a water-bath with occa- 
sional shaking till all the nitrous fumes were removed. It was then cooled, filtered, 
washed with hot water and crystallised from 75% acetic acid, when light yellow crystals 
were obtained, m.p. 106® ; it is insoluble in water, slightly soluble in alcohol and easily 
soluble in acetic acid. The white crystals of its acetate melt at 148® and of benzoate, 
prepared with benzoyl chloride in presence of either pyridine or sodium acetate, melt 
at 156®. 

Under similar conditions 4-chloro-3:5-dimethylphenol yielded on nitration yellow crys- 
tals of 4*chloro-3:5"^iniethyl-2:6-dinitrophenol, turning scarlet-red on heating and melt- 
ing with swelling at 180° and dissolving in solvents as in the above compound. The 
white crystals of its acetate melt at 108“ and of benzoate, at 125®. 

^•Bromo-i-methyl-z : 6 -dinitrophenyi-p-toluene Sulphonate - — /)-Toluenesulphonyl 
chloride (2.4 g.) and sodium carbonate (3 g.) were added to a boiling mixture of 4.bromo- 
2 : 6-dinitro-w-cresol (3 g.) and water (10 c.c.) in small quantities with vigorous shaking. 
When the smell of the acid chloride had disappeared, a solid was separated by filtration. 
It was washed with hot sodium carbonate solution and crystallised from a mixture of 
alcohol and acetone, m.p. 158°. It is slightly soluble in alcohol and more so in acetone. 
(Found : S, 7.02. Ci4Hn07N2BrvS requires S, 7.42 per cent). The same ester was 
obtained by heating the substituted cresol with />-tohienesulphonyl chloride and diethyl- 
aniline on a water-bath for 4 hours. 

Under similar conditions 3 : 5-dimethyl-2:4'diiiitrophenol yielded 3:5 dimethyl-2:6- 
dinitropheuyl-f>-toluene sulphonate, m.p. 171° (Found : S, 9.12. CisHuOtNjS requires 
S, 8.74 per cent) and 4-chloro-3:5-dimethyl-2:6-dinitrophenyl-/J-toluene sulphonate, 
m.p. 199“ (Found: 8,7.71. CisHuOtN-SCI requires S, 8.0 per cent) having similar 
solubilities. From these two substituted xylenols, neither an ester nor a chloro com- 
pound was obtained when they were heated with />-toluenesulphonyl chloride and 
diethylaniline. 


Cheuicai, Laboratory, 
Meerut Couege, Meerut, U. P 


Received August 8 , 1949 . 
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STUDIES OK NITRO-m-CRESOLS AND THEIR HALOGEN DERIVATIVES. 

PART I. 6-BROMO-2: 4-DINITRO- AND 4-BROMO-2;4- 
DlNITRO-w-CRESOLS 

By Shiam Sunder Joshi and Satya Prakash Gupta 

6-Bronio-2 :4-dinitro-t«-cresol and 4-bronio-2 :6-dinitro-m-cresol have been prepared and their constitu- 
tion confirmed. 

The meltiug point of 6-broiiio-2:4-dinitro-m-crcsol as given in literature (Kehrmann, 
and Rust, Annalen, 1898, 803 , 29, ; Gibbs and Robrtson, /. Chem. Sor., 19141 108 , 1891 ; 
Raiford and Lcaveli, J, A met. Chem. Soc., 1914, 36 , 1498) is 115°, whereas vve have found 
it to be 106''. The melting point of 4-broino-2 : 6-dinitro-m-cresol as found by us is nearly 
the same as that given in literature. Of the three bromodinitro*ni-cresols, Sane and Joshi 
(J. Indian Chem. Soc., 1928, 5 , 299) have shown that 2-bronio-4: 6-dinitro-wi-cresol 
melts at 115°. On bromination and subsequent nitration of m-crcsol two monobroino- 
dinitro-m-crcsols have been obtained by us, one melting at 106® and the other at 78°. 
The latter has also been obtained by brominating b-nitro-m-cresol and subsequent nitra- 
tion of 4-bromo-6-nitro-ni-cresol so obtained, which proves its constitution to be4-bromo- 
2:6-dinitro-m-cresol. The constitution of the other bromodinitro-m-cresol melting at 
106® is consequently 6-bromo-2:4-dinitro-fn-cresol. The three bromodinitro-m-cresols have 
the following characteristics (Table I). 


Table I 


Compound. 

M. p. 

Colour. 

Solubility. 

Acetyl, m.p, 

4-Bromo-2 :6-dinitro- 
w-cre.sol 

78* 

Colorless, pale yellow 
w hen moist 

More in alcohol, 
less in acetic acid 

96* 

6-Bromo-2 :4-dinitro- 
m-cresol 

iu6* 

Orange 

Less in alcohol, more 8i* 

in acetic acid 

2-Bromo-4 :6-diiiitro- 
m-cresol 

115" 

Light brown 

— 

85-86* 


Experimental 

6’BTomo-2:4-dinitro~n\’C I esol . — m-Cresol (108 g ), dissolved in acetic acid (100 c*c*), 
was treated with bromine (160 g.) dissolved in acetic acid (200 g.)* The mixture was 
well shaken and cooled during the addition and washed rapidly with water to remove 
hydrobromic acid. The insoluble liquid so obtained was mixed with strong H2SO4 
(400 C.C., d 1.58), cooled and treated with HNO3 (200 c.c., d 1.34) dropwise with vigorous 
shaking and the temperature was not allowed to rise above 40®. After standing overnight, 
it was heated on a water-bath till nitrous fumes ceased to evolve. On treatment with 
water a semi-solid, dark red product separated out. On crystallisation from alcohol 
it gave orange-yellow crystals (80-90 g.), m.p. 106®. (Found : Br, 28.39. CTH605NaBr 
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requires Br, 38.88 percent). On acetylation it gives an acetate, in.p. 81* and on 
benzoylation, a benzoate, m.p. 103" 

4 ’Brotno- 2 : 6 -dinitro'in-cresol.—{i). The alcoholic filtrate from above on treating 
with water gave a thick reddish brown liquid which on crystallisation from acetic acid 
yielded white leaflets (20-30 g.), m.p. 78". (Found : Br, 28.49. C,H.O»N2Br requires 
Br, 28.88 percent). On acetylation it yields an acetate, m.p. 96“ and on benzoylation, 
a benzoate, m.p. 121“. 

The same products were obtained when bromo-wi-cresols were nitrated at s^-io® 
except that the relative proportion of the yield of the two products was reversed. 

(it). 6-Nitro-m-cresol (5 g.), dissolved in acetic acid (s c.c.), was treated dropwise 
with vigorous shaking with bromine (5.2 g.), dissolved in acetic acid (10 c.c.) and 
of 4-bromo-6-nitro-»i-cresol (6.5 g.) so obtained, 2 g. of it were dissolved in acetic acid 
and treated with a mixture of HNO* (5 c.c., d 1.34) and H1SO4 (8 c.c., d 1.58) with 
vigorous shaking and then treated as mentioned above when crystals (2 g.) from acetic 
acid of m.p, 78“ were obtained. 

CHlMiSTRy Dabohatory, Received August 3, 1949 

MBERUI COLtEGE, MEERUT, U.P. 
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Organic Analytical Reagents. — By Frank J. Welcher, Ph.D., Associate Professor 
of Chemistry, Extension Division- Published by D- Van Nostrand Company, Inc., New 
York. Pp. 593. 

The book und^ir review constitutes the 3rd volume of “Organic Analytical Reagents" 
by the author. The informations collected in this volume relate to the reagents that 
have not been dealt with in the two previous ones, viz. Vol. I and Vol. II. The 
reagents discussed m this volume have been arranged in three parts. Part I describes 
the use of Heterocyclic Nitrogen Compounds. Part II deals with the use of the 

Oximes and Part III with that of acidic imino-compounds. 

As in the two other volumes, the reader will find a more or less complete reference 
to literature up to 1945 for every reagent discussed and that methods have also been 
included for the preparation of these reagents. 

Tfie author has done a great service to the advanced students and workers in 
analytical chemistry by collecting m one place all informations lelatiug to the analytical 
use of any given reagent. 

• The book should find a place in every analytical research laboratory. 

P. R. 

Modern Synthetic Rubbers. — By Harry Barron. Published by Chapman and Hall, 
Eondon, pp. 636 -i-xx. Price 45/sh. 

Synthetic Rubber is a fascinating subject. Harry Barron’s “Modern Synthetic 
Rubbers” is indeed a fascinating book to readers interested in the subject. Three 
editions and reprinting once during six years indicate undisputedly the popularity 
of the book among its readers. The general scheme and lay-out of this edition are 
more or less similar to its predecessors. The author has helped himself in enlarging 
and revising the book from a mass of details released by the lifting of the iron curtain 
of war-time secrecy of the tremendous advances made in the technology of synthetic 
rubbers and elastomers and also from data embodied in the Combined Service Intelligence 
Reports on German industry. Main additions have i>een made in the book by including 
a sectirm on “Compounding" in Chapter XI (Part II) and a number of tables in chapter 
VII dealing with the raw mater ials-petroleum. The statistical tables dealing with 
production, consumtion, price, export of raw materials and finished products, have been 
made up to date. 

The get-up and printing of the book bear the hall mark of perfection of the reputed 
publishers. 

G. B. 

The Royal Institution. — By Thomson Martin. Published for the British Council 
by Longmans, Green & Co., London. 

History is and must always largely be the story of the great ones who have guided 
and the activities of their fellow men. The same is true also of the Institu- 
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tions Many of the British Institutions are to the Britishers to-day what the acknow- 
ledged and elected leaders of men have made them. It is the traditional British way 
to retain the ancient forms, to compromise with the past, to adapt constitutions to St 

them to new work and new conditions, but not to discard them. The Bntish scientiSc 
Institutions, and among them the Royal Institution, are no exception to this rule- 

According to the author, the Royal Institution, to most of the Britishers, is a place 
synonymous to where Faraday lived and worked. Among British scientific institutions, 
none has a more interesting histoiy or a more remarkable record of achievement than 
the Royal Institution. Founded by an American, Benjamin Thompson, Count Rumford, 
it early attracted men of genius. One of the greatest of them, Humphry Davy, set 
the example of combining scientific experiment with popular exposition; and it is this 
combination which for a hundred and fifty years has given to the Institution its unique 
character. Its house in l^ondon soon became, and has remained, one of the principal 
centres of research and meeting places of the scientific, and learned world. In more 
recent years other famous men, among them John Tyndall, James Dewar and William 
Bragg, have carried on the work and sustained the high tradition of the Institution. And 
out of devotion and respect to these leaders of science and men, who have made this 
Institution a ‘Mecca’ in the scientific world, the Secretary of the Institution, Mr. Martin, 
has devoted 52 pages in depicting their dynamic life stories. 

G. B. 

Department of Research Report, Travancore Unlverslty.Pagcs 594 + xii. 

The report published for first time contains record of the activities of the Depart- 
ment of Research of the Travancore University for the first seven years (1939-1946). It 
is a novel roport of its kind and is intended to serve not only as a register of various types 
of work carried out but also as a basis of revipw on which future developments may be 
chalked out. 1 he report has been ably compiled from accounts of work carried out 
in various research departments viz., Central Research Institute, Applied Botany, 
Applied Chemistry, Marine Biology and Fisheries, Observatory, Preventive Medicines, 
Statistical and other institutions. The report has been broadly divided into two sections. 
The first section records the activities of the various departments exclusive to the 
University and the second section contains reports of the activities of the various depart- 
ments of H. E. the Maharaja’s University College, the Textile Institute and of the College 
of Engineering. The report contains in addition ten appendices and 15 illustrations. 
The volume and nature of work carried out in various departments in the first seven 
years of its existence will do credit to any university in India. 

G. B. 
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SYNTHESIS OF ISOOCTYEMETHYECYCLOPENTADIENE 

By Provas Kumar Dutta 

A synthesis of 2-(methylheptyl)-3-methyl-A^ ^-cyc^opentadiene has been described. 

Attention was directed to the synthesis of certain niethylcyc/opentenones with 
the uooclyl side-chain attached to the caiboii atom adjacent to that carrying the 
methyl gioup, of which the two following were the two (VI, A) immediate objectives. 

R 

R' I 

^A = R' = Me, R = i5ooctyl) 

Q _1 j (VI, R' = i5ooctyl, R = Me) 

Earlier attempts to synthesise this ketone (A) through the oxidation of the corres- 
ponding cyc/opeiifene with selenium dioxide failed (Rydon, /. Chem, Soc., 194O1 
1546) and preliminary studies to build up similar cyc/opentenone derivatives from 1:4- 
d'ketones have proved futile (Mitter and Dutla, this Journal, 1948, 28 , 306). Experi- 
ments were next undertaken to synthesise (VI) according to the interesting method 
which has been recently developed for the preparation of substituted cyc/opentenones 
through distillation of y-lactones with phosphorus pentoxide (Frank ei a/., /. Amer^ 
Chem. Soc,, 1944, 661 4)- 

R— CO.Et -> R— CH 20 H-> R-CH2Br-> 

(I) (ID (III) 

Me 


R— C— 0 


H2C CO 

\/ 

(IV) CHa 


(R-f9(ioctyl) 


5ec-75oOctyl iodide is converted into cyanide which passes into the ester (I) directly 
on treatment with alcohol and sulphuric acid. Reduction of this ester with alcohol and 
sodium gives (II) which passes into the bromide (III) on refluxing with sulphuric and 
hydrobromic acids. The Gngnard’s complex, prepared from this bromide in presence 
of equivalent amount of methyl iodide, reacts smoothly with ethyl laevulinate in dilute 
ethereal solution in the cold. From the reaction mixture the lactone (IV) is obtained 
in lather a poor yield. The synthesis of the lactone has been carried out more success- 
fully by employing the well known method developed by G. M. Robinson for the 
synthesis of long-chain keto-acids. The starting material in this case is 5 ec-i 50 octyI- 
acetic acid (Dutta, this Jouinaly 1942, 19 , 78). The acid chloride condenses smoothly 
with the sodio-salt of ethyl acetosuccinate. The crude condensation product is hydro- 
lysed through prolonged shaking at the ordinary temperature (Chuang ei ah^ Ber.f 
1936,89,1492). The keto-acid is isolated as its ethyl ester (V) which reacts smoothly 
with methylmagnesium iodide. The desired lactone (IV) is obtained in a good ylWd 
on hydrolysis with alkali and subsequent lactonisation on warming with d:lute sulphuric 
acid. On distillation of the lactone over phosphorus pentoxide, the cyclopentenone 
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derivative (VI) is obtained in a moderate yield. The structure of the unsaturated cyclo- 
pentenone (VI) has been assigned on the basis of similar observations on the synthesis 
of dihydrojasmone from the lactone prepared from i5ohexyl iodide and ethyl laevuUnate 
(Frank et aL, loc. cit. Dutta and Sen Gupta, this Jouinal, 1948, 28, 213), 

and also from the later observations of Frank et al (/. Amer, Chem. Sac., 1948, 60, 
1379) where it has been definitely established that in the case of y-lactones having 
a methylene group and a methyl group available foi the formation of the cyclopentexione 
ring, the reaction always proceeds in the direction where only the methylene group 
is involved. 

Reduction of the ketone with aluminium i<?opropoxide affords the unsaturated 
alcohol (VII). This is converted into the chloride v\ith thionyl chloride in presence of 
pyridine and the chloro compound is heated with excess of diniethylaniline to gwe the 
doubly iinsaturated compound (VIII). Attempts to introduce different groups at the 
methylene group through the potassium salt of the o’c/opentadiene (VTII) have met with 
failure so far. 

The whole scheme of work can be drawn up as follows : — 


yCO.Me 

R-CHa.C02H-->R-CH,.C0.C<— Cn,.CO>Kt 

^C(KEt 


Me CH^.R 

\/ 

c 

R.CH,.CO.CHj.CH,.CO,Et-> /\ 

CH, O 

I I 

CH,— CO 

(V) . (IV) 



R 

Me I OH 

H,C CH, 

(VII) 

(R=«ooctyl) 

Experimental 


R 

Me I 



(VIII) 


Ethyl 2:6‘Dimethylheptoate (I). — A mixture consisting of niethylheptyl cyanide 
(34 g*)> rectified spirit (47 c.c.), alcohol (47 c.c.) and concentrated sulphuiic acid 
(49 c.c.) was heated under reflux for 12 hours in an oil-bath. The resulting ester was 
cooled, diluted with water and extracted \Yith ether. A mobile liquid passed over 
at 8o®-8s®/i2 mm. having a sweet smell, yield 25 g. (F'ound : C, 7T.6; H, 11.4. 
Ci,H,40, requites C, 72.0 : H, 12.0 per cent). 

a:6-Dimethylheptyl Alcohol (II). — Sodium (21 g.) was placed in a tbree-ncckcd 
flask and the above ester (25 g.) and alcohol, dried over magnesium methoxide, were 
next, introduced. After the vigorous reaction had subsided, it was refluxed in En 6il* 
kathruotil the whple of sodium bad reacted. It was cooled, dilujled considerably with. 
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water and extracted with ether. On working up in the usual way the desired alcohol 
(13 8 ) passed over at 90^-95^/18 mm. 

2.6-Dimethylheptyl Biomide (111). — A mixture of 2:6-climethylheplyl alcohol (13 g.), 
hydrobromic acid (48%, 45 g.) and concentrated sulphuric acid (11.5 g.. d 1.84) was 
boiled under reflux for 2 hours. It was diluted with water and the bromide layer 
separated, and washed with a little cold concentrated sulphuric acid to remove the un- 
changed alcohol. The bromide (12 g ) was collected at 85°/ 18 mm. as a heavy liquid. 

Lactone of ^-(2:6-Duuethylhexyl)-y-methyl-y~hydroxyvalefic Acid (IV). — Magne- 
sium (4 g.) was covered with ether (20 c.c.) and methyl iodide (2 c.c.) was added to 
start the reaction. Next it was warmed and to the hot solution the above bromide 
(6 g.) in ether (25 c.c.) was slowly added. The mixture was refluxed gently for some 
time more until there was no perceptible reaction. Ethyl laevulinate (8 g.), dissolved 
in ether (50 c.c. ), was cooled in an ice-bath and to this the above Grignaid*s complex 
was added gradually with shaking. It was allowed to stand for further one hour in 
the ice-bath and at ordinary temperature for another half-an-hour. The product was 
then decomposed with ice and hydrochloric acid and isolated by means of ether ; it was 
dried (Na^iSOj, ether removed and the residual liquid distilled in vacuo. The unchanged 
bromide and the ethyl laevulinate w^ere collected as a forerun and the desired lactone 
in a poor yield at i35°-i4o°/6 mm., yield 1.5 g. (Found : C, 73.8; H, 11.02. 
requires C, 74.4 ; H, ii 5 pei cent). 

Methylheptylaceiic Acid. — Methylheptyl iodide (^15 g.) was condensed with ethyl 
malonate (45 g.) in presence of sodium 5 g ) in alcohol (80 c.c ) in the usual way. 
It was worked up and the desired ester was obtained (b.p. 128^/4 mm.), yield 39 g. 
It v\ as hydrolysed by lefluxiiig the estci (25 g.; with caustic potash (15 g.) 111 water 
U5 c c.) and rectified spirit (60 c.c.) for 6 hours. Alcohol was removed (water-bath) 
and the dibasic acid was obtained on acidification and subsequent extraction with ether. 
The residue left after the removal of the solvent was heated (oil-bath, 180^-190®) for 
lialf-an-hour when decarboxylation was complete The acid was isolated by vacuum 
distillation, b.p. 136°/ 13 mm., yield 15 g. 

Methylheptylacetyl Methylheptylacetic acid (46 g.) was mixed with 

phosphorus trichloride (12 c.c.) and the resulting mixture was left overnight. Next 
it was heated on the water-bath for 2 hours. The clear upper layer was decanted off 
and distilled, when the acid chloride passed over at 9o®-ioo®/i4 mm., yield 46 g. 

Condensation of Ethyl Acetosucctnaie and M ethylheptylacetyl Chloride : Ethyl 
^•Methylheptyl-y'ketovalerate (V) — Sodium (6.2 g ) was molccularised and was taken 
under ether. This was cooled in ice and ethyl acetosuccinate (58 g.) was added drop- 
wise. The mixture was kept overnight when a clear solution was obtained. Next 
day it was again cooled in ice and the acid chloride (46 g.) was added dropwise with 
occasional sljaking. When the addition was complete, the mixture was refluxed 
(water-bath) for 2 hours. There w'as very little separation of sodium chloride. It was 
cooled and extracted with ether. The solvent was removed and it was directly employed 
for the next operation. The crude condensation product (100 g.), obtained from the 
previous reaction, was shaken with a mixture of distilled water (1800 c.c.), caustic 
potash (76 g.) and rectified spirit (900 c.c.) for 30 hours in a mechanical shaker. The 
turbid solution thus produced was neutralised with HaS04 (75 ff*) then evaporated 



K. DUTTA 


S48 


on the wafer-bath to remove alcohol. The residue was then strongly acidified and 
extracted with ether. After removal of ether, the remaining liquid was again hydro- 
lysed by refluxing with caustic soda solution (660 c.c., 2N) on a water-bath for 3 hours. 
The solution was again acidified and extracted with ether. The residue after removal 
of ether was heated (water-bath) for half-an-hour. It was dried in vacuo and esterified 
with a cooled mixture of alcohol (150 c.c.) and concentrated sulphuric (9 c.c.) for 15 
hours. The ester (25 g.) was isolated in the usual manner, b.p. i30°-i32®/3 mm. 
(Found : C, 69.7 ; H, 10.84. C15H28O3 requires C, 70.3 ; H, 10.94 cent). 

h^Methylhepiyl-y~methyhy-vaIerolacione (IV). — Grignard's complex, prepared from 
magnesium (3.5 g.) and methyl iodide (15 c.c.), was added to the above keto-ester (25 g.) 
in diy ether (150 c.c. ), cooled in a fieezing mixture. The reaction mixture was allowed 
to stand for 2 hours and then decomposed with ice and ammonium chloride, acidified 
and extracted with ether. The residue after removal of the solvent was heated with 
alcoholic caustic potash solution (100 c.c., 10%) on the water-bath for i hour. The 
alcohol was removed and the ethcieal extract of the alkaline solution containing the 
neutral fraction, if any, was rejected. The main alkaline layer was acidified and the 
mixture refluxed for 1 hour with dilute sulphuric acid (100 c.c., 10%). Finally it 
was extracted (ether), the ethereal exti act washed with sodium bicarbonate solution and 
worked up as usual. A viscous liquid (18 g.) l)oiled at i25°-i3o‘'73 mm. Ground: C, 
74.4 ; H, TI.5. Ci4H260a requires C, 74.3 ; H, ii.s per cent). 

2-MethylhepiyUymclhyU^^-cyc\opeHien‘i’One (VI). — The above lacrone (8 g.) was 
mixed with PjOi (4 g.) in a Claisen flask and licated in (oil-bath, i40®-i50®) 

when a vigorous reaction took place and the whole mass turned dark brown. A mobile 
liquid (3 g.) passed overat i26'’-i34°/ ii mm. On redistillation it came over at i26°-i30°/ii 
mm. It has a characteristic smell. (Found: C, 79.9; H, 11.8. C14H24O requires C, 

80 5 ; H, 11.6 per cent). 

2’MethylheptyI-3~inethy/-^'^-cyclopeJi/6 N-i-oI (VH) — The above ketone (5 g.) was 
reduced with aluminium i^opropylate, prepared from aluminium (3 g.) in isopropyl 
alcohol (60 c.c.) in the usual way. During distillation further i5opropyl alcohol (40 c.c.) 
was added. The temperature of the oil-bath was kept at 90 ''-no''. On woiking up in 
the usual way the unsalurated alcohol was obtained boiling at 122'’-! 24^/7 mm. having 
rather an unpleasant odour, yield 3.5 g. (Found • C, 79. 8 ; H, 11.9. C14H26O requires 

C, 80.0 ; H, 12. 1 per cent). Attempts to prepare a plienylurethane derivative failed. 

2-MeihylheptyU^-methyl-A^-^’Cyc\opentadiene (VIII). — The above alcohol (3 g.) 
was dissolved in freshly distilled dimethylaniline (8 c.c.) and cooled. To this was added 
thionyl chloride (2 c.c.) when the mass turned deep brown. Next, excess thionyl chloride 
was removed in a high vacuum and the residue was heated in an oil-bath at 180^-190'* 
for half-an-hour. On working up the diene was obtained as a clear, colorless oil boiling 
at 92®/2 mm’., yield 1.2 g. (Found: C, 86.6; H, 12. i. Ci4Ha4 requires C, 87.5; 
H, 12*5 per cent). 

The author's thanks are due to Dr. F. C. Dutta for his valuable help in this piece 
of investigation. 


I, C. I. Fellow's I/aboratory, Chemical bAQORAroRiKS, 
University College of Science, Calcutta. 
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SYNTHETIC INSECTICIDES. PART 1. SYNTHESIS OF aa.BIS-(ARYL)- 

/JiSY-TRICHEORO-n-BUTANES 

By (Miss) Latika H. Dalal and R. C. Shah 

In the present work the condensations of benzene, chlorobenzene, bromobenzene and naphthalene 
with batylchbral hydrate have been carried out when in the first three cases the products of th6 type 
aa-bfs-fR-pnenyl)-jB;37-trichloro-n butanes (where R=H, Cl and Br respectively) were obtained. 
The structures of these compounds have been established by first dehydiohalogenaling and subsequently 
oxidising the crude dehydro halogenated compounds to their re^^pective benzophenones Dehydrohalo- 
genation and oxidation of the naphthalene condensation product were attempted but without success. 
Hence, this compound has been provisionally assigned the constitution aa-b/s-(o-naphthyl)-i8j87-trichloro- 
n-butane. 

The discovery by Lauger Muller and Martin {Helv, Chim» Acta, 1944, 27 , 897) of 
the remarkable insecticidal p operties of the compound ^(X-b 25 -(/>.chlorophenyl)-/ 3 ^i 8 - 
trichloroethane, popularly known as DDT, has opened a wide field of research in syn- 
thetic insecticides. Since then, much work on the synthesis of the analogues of DDT 
has been carried out with a view to obtaining compounds of possible insecticidal action. 
Stephenson and Waters (/. Chem Soc., 1946, 339) have synthesised a number of 4:4'- 
disubstituted derivatives of «‘^-(dii)henyl)-,fli 3 i 8 -trichloroethane (DT), like 4:4'-diinethyl- 
DT, 4:4'-diethyl-DT, 4:4'-dibiomo-DT, 4:4'-difluoro-DT, 4:4'-dihydioxy-DT and their 
methyl, ethyl, propyl, butyl ethers, etc. So also th ^ bromal analogues of DDT like 
3 t»- 6 is-(f-chlorophenyl)-/ 3 / 3 /J-tribromoethanc and (i?-bromophenyl)-^/?^-tribromo- 

ethane have been synthesised by Cristol and Haller (/. Amer. Chem. Soc., 1946, 68, 140) 
and I#augcr et ai, [loc, cit ) 

Danger and co-workers (/ot. rif.) in their study of insecticidal propeity and chemi- 
cal constitution observed that 3 ta-bu-(^-chlorophenyl)-aiS/i-trichloroethane with the 
grouping >C — C — have considerable activity. It was hence thought of interest 

I /\ 

L'lCl Cl 

to synthtibise compouuds by using other halogenated aldehyde instead of chloral so that 

Cl 

/ I . . 

the grouping >CH — C — Cl present in DDT be replaced by — C — C — . For this 

\ 1 /N 

Cl Cl Cl Cl 

purpose butylchloral hydrate was selected so that the condensation products obtained 

H 

1 / 

would have the grouping CHs — C — C — CH, and which may possess insecticidal activity. 

I /\ \ 

Cl Cl Cl 

Reference to literature reveals that so far no work on the condensation of butyl* 
chloral hydrate with hydrocarbons and halohydrocarbons has been carried out. 
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In the present work butylchloral hydrate has been condensed with benzene, naph- 
thalene) chlorobenzene and bromobenzene. Butylchloral hydrate, when condensed 
with chlorobenzene in presence of oleum at 20^*30’, gave ’^cn-his-ii^-chlorophenyD-PPy- 
trichloro’U- butane (I, R=C 1 ). The same compound was obtained with chlorosulphonic 
acid ; however, oleum was found to be a better condensing agent. The structure of 
this compound was proved by dehydrolialogenation and subsequent oxidation of the 
crude unsaturated compound, when f>/>'-dichlorobenzophenone was obtained. 


CCl, 

I 

CHCl 

I 

CH, 

(I) 


o o 

CC1> 

I 

CHCI 

I 

CH3 

( 11 ) 


Similarly, the condensations of benzene and broinobenzene with butylchloral 
hydrate were carried out when ^^•bisAphenyD-PPy-lrithloro-n’butane (I, R = H) and 
( 3 .(i-h\S‘{p-hromophenyl)~PPy’triLhloTo-ti~butane (I, R=Br) respectively were obtained. 
The structures of these compounds were established in the same way, by degradation 
through dehydrolialogenation and subsequent oxidation to the respective benzophenones. 

Naphthalene, when similarly condensed with Imtylchloral hydrate, gave a di- 
condensation product (ni.p ig6-Q8^). All attempts at dehydrohalogenating this com- 
pound proved unsuccessful. It may be tentatively suggested that the constitution of 
the compound is 'y-^-hiS’{oc-n(tphiliyl]- 3 fiy~trichloro-u-butanc (II). The dehydrohalo- 
genation may not be taking place due to steric hindrance exerted by the heavy groups 
(fused benzene rings) a^-tached on both the sides in position ortho to the carbon atoms 
which are linked to the butylchloral group. 

Further work on similar condensations with alkylbenzeiies, chloroiiaphthalenes, 
phenols and their ethers, etc., is in progress. 


Experimental 


Condensation of Butylchloral Hydrate with Chlorobenzene : his- {p- Chi or o- 

phenyl)-PPy-trichloro-n-butane . — Butylchloral hydrate (30 g.) was taken in a three- 
necked flask equipped with a mercury seal stirrer, theniioineter and a separating funnel 
which contained oleum (5%, 100 g J. About 10 g. of oleum (24%) were added to 
butylchloral hydrate with stirring to reraoVe water of the hydrate, indication being 
no lowering of temperature even if more oleum were added. It was then allowed to 
attain room temperature (29'’-3i®) and chlorobenzene (38.5 g.) was added followed by a 
slow addition of oleum with stirring, controlling the temperature at 29^-31®, by external 
cooling. The stirring was continued for 5 hours in all. The reaction mixture was 
kept overnight and next day it was poured over crushed ice when yellowish brown 
pasty product was obtained. This was washed well with col^d and then boiling Water. 
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After two stallisations from acotic acid needles were obtained ♦ m.p 8i®j yield lo 
(Found *. Cl» 4^.3* ^loHiaCls requires Cl, 4^*3 cent). Tctrdniifo derivdiivef m. p. 
24i- 42'‘- -(Found : N. 9.6. CioH^OsNiCls requires N, 9.9 per cenlV 

The same condensation was also carried out though less conveniently using chloro- 
sulphonic acid (45 g-) when, after four crystallisations, pure product (.m. p. was 
obtained. 

Dehydrohalogefidlion of '^'^•biS’-ip-ChlorophenyD-Pliy-lrichloro-n-butane and Oxida- 
tion of the crude Dehydrohalogenated Compound . — Pure compound (2 g.) was dissolved 
in absolute alcohol (10 c.c.) and to this was added potassium hydroxide (2 g.) dissolved 
in minimum quantity of water. This was refluxed on a w^ater-hath for half an hour. 
The alcohol was then removed and the residue was extracted with ether, the extract 
washed, diied and the ether evaporated. Yellowish paste was isolated which could not 
be crystallised, and hence was directly subjected to oxidation. 

The unsaturalcd compound obtained as above (1.5 g.) was dissolved in acetone 
and potassium permanganate (about 30 g.) was added. The whole mixture was then 
heated on a water-bath for about an hour. Sulphur dioxide was then passed to dissolve 
the precipitated manganese dioxide. It was then extracted with ether, the extract 
washed, dried and the other removed. The product after crystallisation from alcohol 
was found to be /)/)'-dicliIorobenzophenone, m.p. 142-44'' (Grummitt, Buck and Jenkins, 
/. Amer. Chem. Soc*^ i945f 87 , 155, record m.p. 143-44°). The mixed melting point 
of this with /)/?'-dichlorobenzophenone obtained from DDT was not depressed. 

The 2:4 dinitrophenylhydiazone gave bright red crystals, m.p. and mixed m.p. with 
an authentic specimen from /’/>'-dichlorobenzophenone, 230^. (Found : N, 13. i 
CioHi304N4Cl2 requires N, 13. i per cent). 

Condensation of Butylchloral Hydrate with Bromohenzene : «a-bis-(p-Bronio- 
phenyl)-P f:iy4richloro-n-butanc. —BxitylcMorsil hydrate (24 g.) was condensed with 
brotnobenzene (47.1 g., 2u% excess) in presence of oleum (5%! 100 g.) at 45*^, the 
stirring being continued for 6 Iiouis. The reaction mixture w^as then poured over ice, 
when a pasty ])roduct was obtained. This was washed as in the previous case and 
subjected to steam-distillation when the unieactcd substances passed over. The pro- 
duct that remained w^as crystallised from alcohol, m.p. 97-99°, yield 20 g. (Found : 
Cl, 21.6 ; Br, 36.3. CjeHiaCUBi'a requires Cl, 22.5 ; Br, 33.9 per cent). 

The crude dehydrohalogenated product, obtained from the above compound (2 g.) 
after refluxing it with alcoholic potassium hydroxide (2 g.) was directly oxidised by 
boiling with chromic acid (2 g.) in acetic acid for 2 hours. It was diluted, neutralised 
with sodium bicarbonate^ extracted with ether and the extract dried. On removal of 
ether /)/)'-dibromobenzophenone (m.p. 172°) was obtained (Hoffmann, Annalen, 1891, 264 , 
163, records in.p. 172-73°). Oxime, m.p. i 45 - 49 ° (Hoffmann, loc cit., m.p. i 45 - 49 °). 

Condensation of Butylchloral Hydrate with Benzene : aa-bis-(Pfcgny/)./8/Sy.^n. 
cfc/oro-n-buf ana. —Butylchloral hydrate (24 g.) was condensed with benzene (25 g.) 
in presence of oleum (4%, 200 g.) at 29°-3i° for 6 hours. This w^as then poured over 
ice when the solid product was obtained. This w^as washed well with water and crys- 
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tallised from alcohol when white needles (yield i8 g.), ni.p. 83-84°, were obtained. 
(Found : Cl, 33.9. Ci,H,jC 1 b requires Cl, 33.9 per cent). 

The crude product obtained on dehydrohalogenation of the above compound (2 g.) 
with alcoholic potassium hydroxide was oxidised by refluxing with chromic acid (4 g.) 
in acetic acid for 4 hours. On working up a yellowish liquid was isolated. This may 
be the labile form of benzophenone, m.p. 26-26.5° (Zincke, Annalen, 1871, 189 , 378, 381). 

2 : ^-Diniirophenylhydrazone, m.p. and mixed m.p. with an authentic specimen from 
benzophenone, 233-34° (Found : N, 15.2. CmHwOjNb requires N, 15.4 per cent). 

Condensation 0/ Butylchioral Hydrate with Naphthalene : «*-bis-(a-Naf>fetfeyl)-i 3 j 8 y‘ 
■trichloro-n-butane. — The solid product obtained from butylchioral hydrate (24 g.), 
naphthalene (35.2 g.) and oleum (4%, 100 g.) at 45° for 3 hours, was washed well 
and crystallised from n-propyl alcohol. After several crystallisations, pure product 
of m.p. 196-98° was obtained (poor yield). (Found : Cl, 26.1. CjbHibCU requires Cl, 
25.7 per cent)- 

Attempt to dehydrohalogenate the pure compound (i g.) by refluxing it with 
alcoholic potash (rg.) for 4 hours was unsuccessful, the original compound being re- 
covered unchanged. Direct oxidation with chromic acid in acetic was attempted hut 
no definite product could be isolated. 

Organic Chemistry Laboratories, 

Rovai, Institute of Science, Received February 16, 1949 

POMRAY. 



f Jour. Indian Chem. Soc., Vol. 26 , No. 12, 1949] 


PRODUCTION OF THE JOSHI EFFECT IN OXYGEN UNDER SIEENT 
ELECTRIC DISCHARGE. PART VI INFLUENCE OF THE 
EXCITING POTENTIAL. THE GAS PRESSURE AND THE 
MATERIAL OF THE CENTRAL H.T., UNDER SEMl- 
020NISER EXCITATION 

By S. R. Mohanty 

The joshi effect At has been studied in oxygen in the range 10-500 min Hg ip) and excited over o 5 to 
4 kilo-volts (V) of ^o cycles frequencv in seint-ozoiiisers with Pt, Au, Ag and Cu central H T. electrodes. 
The 'threshold potential’ V„ is sensibly a linear function of p. Ai sets in near V«. Above V„,, the net 
effect At at constant p first increases with V and then decreases. The relative effect % Af is a maximum 
near V„, and diminishes thereafter. Ai increases with up to a limiting pressure and then decreases. 
These results are similar to those observed for the gas in Siemens’ tubes. Ai is influenced by the nature 
of the central H.T. This is traced to the differences in ^he photo-electric activity of the chemically adsorbed 
layers of oxygen 

It was observed by Joshi {Proc. Indian Sci. Cong>, i943» H, pp. 70-75) that the 
above effect Ai occurs to more than a detectible extent in chlorine subjected to ionisation 
by collision in wire-in-cylinder type discharge tubes or semi-ozonisers. Apart from 
this, all previous work on this phenomenon referred chiefly to the Siemens' tube as 
the excited system. The present work, which is an extension of the preliminary investi- 
gations of the author (Mohanty, ibid., 1948, Part III, Chem. Sec., Abst. No. 36), refers 
to variation with the applied potential V, the gas pressure P, and the material of the 
central H.T. electrode of the Joshi effect in oxygen under semi-ozoniser excitation. 

Expkrimkntal 

The general assemblage of apparatus and the experimental procedure were essentially 
similar to those described in Part 1 (Mohanty and Kamath, this Journal, 
1948, 28, 405). Four semi-ozonisers (Fig. i) of equal dimensions* and designated 
W. X, Y and Z were used ; the central H.T. electrodes were respectively of platinum, 
gold, silver and copper. The low tension electrode in each case was represented by 
a helix of bright copper wire (the distance between consecutive turns being sufficiently 
large to peimit irradiation of the enclosed gas) on the outer (glass) tube. The discharge 
current i was observed with a sensitive mirror galvanometei G actuated by a Cambridge 
vacuo-junction V.J. (Fig. i). The source of light was a 200 watt incandescent (glass) 
bulb run at 200 volts, and placed at a distance of 25 cm. from the discharge tubes. 

- Oxygen, prepared and purified as described in Part I (Mohanty and Kamath, 
loc. cU-), was introduced into the semi-ozonisers at various p in the range of 10 to 450 mm. 


Outer diameter of the glass ry Under 5 mm. 

Inner „ „ 4 

Thickness of the glass wall 0.5 

Djametpr of the central H.T. electrode 0.25 
l^n^^h of^the efectrode space 13.5 cm. 


3 — 173lP.“X3. 



554 


S; R. MOHANTY 


Hg in the cgse of W, and 150 to 450 mni. in the case of the other three semi-ozonisers. 
The gas was subjected to different alternating V varied over 0.5 to 4 kV (r.m.s.) of 50 

Fig. I 

Joshi effect in ()j under semi-ozoniser excitation . 



cycles frequency. Galvanometer deflections were noted in dark and under irradiation ; 
from these, the discharge current in dark Id, that under irradiation ti, the net 
and the relative effect %At were calculated. The results are shown in Table I. 

Discussion 

It was shown earlier (Mohanty and Kamath, loc. cit.) that ceteris paribus Vm (defined 
as the minimum ‘threshold potential’ at which i increases rapidly with the applied V, 
and obtained by extrapolation of the V-»d characteristics) for oxygen subjected to 
alternating fields in Siemens’ tubes was sensibly a linear function of p over a fairly wide 
range. That the pressure variation of for the gas excited in semi>ozonisers is similar, 
except at comparatively low pressures, is evident from Fig. 2. Vm increases lineatly 
frpm 0.69 kV at 100 mm. to 1.69 kV at 4.50 mm. Below 100 mm., Vm falls off more 
rapidly than p ; this might result from inaccuracy in fixing Vm for these pressures, since 
the V-» characteristics are more horizontal. 

The influence of the exciting V on Ai and % At in oxygen upder spmi'Ozoniser excltelipn 
is similar to that observed for the gas in Siemens’ tubes (Mohanty and Satoatbi loA Ciit,)> 
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At sets in only near V»,. With V increased progressively beyond Vw, the net effect Ai 
increases to a maximum and then decreases (Table I). Thus e.g., Vm at 150 mm. is 
o.bS kV. At this pressure At sets in (i. 00) at 0.93 kV, increases to a maximum of 
2.65 at 2 kV, and falls ofif to 2.45 with further increase of V to 2.67 kV. Similar to 
results with Siemens tubes (Mohanty and Kamath, /oc cit,), the applied V correspond- 
ing to maximum At increases with p. Thus, V for maximum At at 100 mm. is 1.33 
kV ; that at 150 mm. is 2 kV. Further, the increase of A/ is distributed over a wider 
range of V at higher than at low p. Thus r.g., whilst at ^02= 100 mm., At increases 
over a range of 0.53 kV, it does so over 1.07 kV at 150 mni. The propoitionate 
%At is maximum near Vm and diminishes with V. Thus, at 150 mm. (Vm=o.88 kV), 
%At sets in and is maximum (50. o) at 0.93 kV and diminishes to 14.8 at 2.67 kV. 


Fig. 4 

Influence of central H. T, on Joshi ejjcci in O2 under semi-ozonisers. 



It is seen from Fig. 3 that At at constant io increases with p, at first rapidly and 
then slowly, to a maximum at /)0a = 200 mm., followed by a slow decrease afterwards. 
Thus, for iD= 7, At at so mm. is 0.67. It increases to 1.5 at 100 mm., to 1.75 at 200 
mm., and is reduced to 1.50 at 450 mm. The influence of on At in oxygen (Mohanty 
and Kamath, loc. cit.), chlorine (Deo, Proc. Indian Set. Cong., 1945, Part III, Phys. 
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Sec., Abst. No. 13 ; Joshi and Deo, Nature, 1944, 153 , 434) and bromine (Rao, un- 
published results) subjected to alternating fields in Siemens’ tubes is similar. 

The present experiments reveal that the magnitude of At in oxygen under semi- 
ozoniser excitation is markedly altered by a change in the material of the central H.T. 
electrode. At /)Oa=i 5 o mm. (Fig. 4), e.g., Aj at a given to varies in the order: 
Pt > Au > Ag > Cu ; the effect with the last electrode is very small. At higher p, 
viz., 350 and 450 mm-. At values with Au and Ag electrodes coincide within the limits 
of experimental error, lliis influence of the material of the central H.T. electrode 
on Ai is independent of the mode of current detection. Thus, the author and Pradhan 
{Proc. Indian Set. Cong., 1948, Part III, Phys. Sec., Abst. No. 19) working with gold, 
silver and copper electrodes found that the effect observed with a diode used as half- 
wave detector varied in the same order. 

According to Joshi (ibid., 1946, Part III, Phys, See,, Abst. No. 26; 1947, Part 
III, Phys. Sec., Abst. No. 25 ; Curr. Set., 1946, 13 , 281 ; 1947, 16 , 19). photo-electron 
emission from an adsorption-like ionic + molecular boundary layer formed on the 
electrodes under discharge, is primary to Ai. Oxygen is adsorbed chemically on Pt, 
Au, Ag and Cu (McBain, ‘‘The Sorption of Gases and Vapours by Solids”, George 
Roulledge, 1932, Chapter IX). Emission of photo-electrons from these metals is not 
possible under the light-band used, since the short-wave limit, viz., 3700A. (Mohanty 
and Kamath, this Journah 1948, 25 , 467) is higher than the threshold wave- 
lengths of the metals, outgassed or not (Hughes and DuBridge, "Photoelectric 
Phenomena”, McGraw-Hill, 1932, pp. 75, 76)- Since the work-function, as also the 
spectral sensitivity of the boundary layers, will be different, variation in At is to be 
anticipated. The smoothness of the metallic surface is another consideration. A rough 
surface possesses a large area exposed to the gas ; adsorption, and hence, At will be large. 

Grateful thanks of the author are due to Professor S. S. Joshi for suggesting the 
problem, and for his kind interest and valuable guidance. 

Chemistry Department, Received May 14, 1949. 

Benares Hindu University, 

Benares. 



rjour. Indian Chetn. Soc., Vpl. ^6, No. 12, 1949] 


PRYSICAI, STRUCTURE OF METALS IN RELATION TO THEIR CATALYTIC 
BEHAVIOUR. PART I. LANGMUIR SURFACES 

By B. S. Srikantan 

Metals with face-centred cube lattice structure and high vibrational energy at their melting points 
are good catalysts. 

Langmuir (/. Amer. Chent. Soc,, 1916, 88, 2221) extended Bragg’s work on crystals 
to chemical reactions taking place in heterogeneous systems. Surface atoms in a solid 
possessing residual affinities constitute a “checker board*’ where gases or adsorbed 
molecules may anchor on till chemical action or desorption takes place. He considered 
metal surfaces like platinum and tungsten and showed theoretically and experimentally 
that simple reactions like the dissociation of hydrogen molecules into atoms could be 
well accounted for. He has further shown that the atoms in a metal catalyst though 
vibrating about a centre are held rigidly (Phys. Rev., 1916, 8, 149) and there is no 
gradation of layers of atoms varying in density from the solid to the gas surrounding, 
but the change from the solid to the gas is abrupt and adsorption is mono-molecular in 
thickness. His experiments conclusively proved his theory. 

Taylor iPfoc, Roy. Soc., 1925, 108 A, 105) put forward a theory of active centres on 
the evidence of (t) lack of correlation between catalytic activity and adsorption, (ti) the 
extraordinary heat sensitivity of the catalyst material (Smith ei al., J. Chem. Soc., 
1921, 121, 1613 ; 1923, 128 , 2088), (Hi) the poisoning of catalysts in stages (Vavon and 
Husson, Compt. rend., 1922, 178 , 277), and (ii;) very great variations in the energy of 
adsorption of gases for different parts of the surface (Gainer and . Blench, /. them. Soc., 
1924, 1288). Reserving a detailed examinalon of these points to later communications, 
it has to be observed, that most of the work on catalysis deals with complex reacting 
substances and also different types of solid substances as catalyst materials. Mono- 
atomic metals, semi-conductors, ionic valence type crystals and ^amorphous substances 
have all been used. It is not surprising therefore that the simple idea of Langmuir 
had to be modified. In this paper, assuming the Langmuir surface is basically correct, 
an attempt has been made to review the physical properties of metallic types of solids 
in relation to their catalytic behaviour. The physical properties of 'different types of 
solids are different from each other, and arise from their structure. In the conclusions 
arrived at here, a certain amount of empirical factor is unavoidable but their usefulness 
must be conceded only from the large number of cases they reasonably cover. 

Types of Stfuciuw 

« Most of the metals belong to one of the three types: B.C.C., P.C.C. and 
The adsorption Of reacting molecules takes place through the valence forces of the 
surface atoms. 

3— i7ajP.-^x2f 



662 


D. S. SRlKANTAlr 


In Table I are summarised some of the physical characteristics of metals belonging 
to different groups. It is noticeable that most of the metals usually used in different 
reactions as catalysts are P.C.C. types and then a few C.P.H. types. In the conversion 
of beuzene iu to cyclohexane by metal catalysts, l/>ng, Freer and Ott (/. i4mer. Chem. 
See., 1934, 66 , itoi) jound fbat JB.C.C. structures were inactive while the P.C.C. ones 
were active. 


'rABi ,8 I 


Metals. 

Type of lattice. 

M. p. 


ir ^ 

trl6K. 

Group I 

Copper 

P.C.C. 

i3S<5*K 

105 

4 i 

4.7xio-< 

Silver 

P.C.C. 

1*34 

104* 

35 

a.s X io‘‘ 

Gof4 

P.C.C. 

1336 

107 

4.8 

2 7 X 10’* 

Grdup U 

Magnesium 

C.P.H. 

93* 

73 


... 

Cakium-a 

P.C.C. 

11*3 

83 

• • 

■ 

C€L\c\vLxa-$ 

C.P.H. 

1) 

ft 

. 


Strontium 

PC.C. 

1044 

85 



Group W 

Aluminium 

P.C.C 

93^ 

73 


83x10'* 

Ivanihanum-a 

C.P.H. 

108 s 

9S* 

66 

... 

Lanthannm-i9 

P.C.C. 

ft 

M 



Thtfllium-tf 

C.P,H. 

576 

32* 


• • • 

Thalliam-/9 

P.C.C. 

>* 

IS 


• 99 

Group IV 

Titanium 

C.P.H. 

2073 

165 

... 

• •9 

Tinni (grey) 

T.C. 

505 

39 

22.2 

8.2X10"* 

Tin*3 (white) 

B.C.T. 

SI 

»i 

IS 

*1 

lohriuni 

P.C.C. 

1953 to 2053 

169 

• •• 

... 

Lead 

r.CtO. 

600 

48 

33.6 

IX 10’* 

Triinsition iroup 

Vanadium 

B.C.C. 

1993 

156 

... 

... 

Chromiuiii-o 

B.C.C. 

2103 

*37 

23.9 

3 3X10’® 

Clirotnijcnn-i8 

•C.P.H. 

SI 

IS 

*1 

IS 

Moiiganese-a 

Cubic 

1515 

1 17 

•• 


Mangane<«e-3 

Complex 


»» 



Manganese-y 

Tet, F.C. 

M 

>» 

•• 


aSy-Iron 

B.C,C. 

x8o8 

142 

20.68 

2 9 X 10' 

7*Iroii 

F.C.C. 

It 

IS 

If 

IS 

Cobalt-a 

C.P.H, 

1763 

*40 

2J.73 

3.2 XIO*® 

Cobalt-3 

P.C.C. 

fS 

§* 

IS 

IS 


' e.p,H: 

t7*S 


47,97' 



• V.C.C.* 

ss^ 

' If 

w 

> . C I j 

Modinm 

P.C.C. 

2239 

... 

It* 
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Table I (contd,) 


Metals. 

IVpe of lattice. 

M. p. 

wrM X 10’**. 

t.xro*>». 

*rl6\. 

Palladium 

. F.C.C. 

1827 

133 

M.39 

2.2‘KIO'? 

(Tungsten-a 

B.C.C. 

3643 




Tungsten-/? 

F.C C. 


• •• 

f* 

• •• 

Qsmium 

C.P.H. 

2973? 

207 

••• 


IridiuQ] 

F.C.C. 

2827 

195 

25.69 

2.1 X I 0 “* 

Platinum 

F.C.C. 

2046 

162 

18.78 

I.4X^0“* 

Non-metal 






Graphite 



-J 

00 

120.6 

6.0X 10’^ 


Note (i) The m.p. s.Jare taken from Kaye and Laby (“ Physical and Chemical Constants **, 1944}. 

<2) wrV X 10'** from Srikantati {Indian J, Phys., 1930 I, 540). 

(3) tr^^k/hd where K is the Boltzman's constant and h, heat conductivity of solids (Metals 

Iiand-book,'i939) and d is distance between the atoms CSeitz, ''Modern Theory of Solids", 

1940). 

(4) A-the reciprocal of atomic frequency y (I^ewis, "Physical Chemistry", 1921, III, p, 61). 

is) The peculiarity of iron is discussed under allotrop«c changes. 

* These values have been recalculated. 

Energy of Vibration of Atoms 

In Table I, there are a few exceptions to the conclusions drawn above. Calcium (a), 
strontium, aluminium, thallium and lead are not preferred as catalysts, though they 
are F.C.C. in type. They may enter into chemical reactions and may even act as 
catalytic poisons. Lead, for example, is not a catalyst but is known to poison active 
materials. It appears therefore that the availability of gi eater number of atoms in the 
surface or lattice planes is not the only factor of importance, but these atoms must be 
capable of activating the adsorbed molecules. The author has shown (Indian /. Phys,, 
1930, *, 539) that the energy of vibration (4ffmT*v*) of an atom is a matter of decided 
importance in catalysis. iThe terms are explained in the paper cited). It is to be 
noted that F.C.C. or C.P.H. lattice metals, which have a value for this (mr* v’') energy 
term below 100 xio"” exhibit low catalytic activity. Thus aluminium, thallium(/ 3 ) 
and lead, though F.C.C. in type, have low values for energy of vibration of atoms and 
are not catalytic. There are also other metals having a high value but not F.C.C. 
types. They are not also catalysts. Therefore the above conclusion could be modified 
that all metals having F.C.C. structures and vibrational energy of their atoms more 
than 47rioo x 10"” are good catalysts. 

In the last column in Table I (L/6), ir gives the time necessary for the temperature 
increment of the surface layer of one of the faces of a cube of a metal to fall to 37% of 
its initial value (Langmuir, loc. cit.) and A is the time of oscillation of an atom, for the 
various metals. The metals of the non-transitional group are 1000 times more rigid 
than graphite, while those of the transitional group are only 100 times so. It is not 
surprising therefore that catalysts are to be chosen more often from the transitional 
group than from other groups. 
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Allotropic Changes 

Metals of.the transition group exhibit the phenomena of allotropism at ordinary 
pressures. The most important are iion, cobalt and nickel. A change in physical 
characteristics, and hence a change in catalytic properties, is to be expected from these 
allotropic modifications of the metals. ^-Tungsten is of B.C.C. type and j 3 -tungsten is 
of valence type of crystal and its activity is similar to that of graphite. In fact that 
adsorption on tungsten surfaces is akin to chemical compound formation (Chemi-sorption) 
is evident from the Vrork of Langmuir (loc. cit,). 1 he nature of the lattice planes in 
H'iron is exceptional though <x-iron is of B.C.C. type it would show some catalytic 
properties. The B.C.C. form is stable between o° and ii79‘’K and between 1674** and 
iSoS^K, while vr-from is stable between 1179“ and i679®K. Most of the prepared iron 
catalysts are in the B.C.C. region. However, Kisen-hut and Kaupp (Z. physikal Chem,, 
1938, 183 , 459 ; Z. Eleklrochem,, 1930, 36 , 393) find that on adsorption of nitrogen the 
B.C.C. type changes to F.C.C. in the case of iron. The work of Fischbeck (Z. Eleklro- 
chem., 1934, W, 517) on the decomposition of ammonia by iron shows increased activity 
as the iron changes to y-forni i e., F.C.C, type. 
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DIFORMYLACETONE DICARBOXYEIC ESTER AND 
DIFORMYLACETONE 

By M. M. Mhala and S. S. Dbshapandh 

The syntheses of i ; 3 : 5-tnketoues, namely oa'-diformylacetone dicarboxylic ester and aa'-diforni>l- 
acetone have been described 

By the action of acetyl chloride on the disodium derivative of acetone dicarboxylic 
ester Peiatoner and Strazzeri (Gazzetta, 1891, 21 , i, 298) obtained 2:6-diiucthylpyrone 
dicarboxylic acid 3:5-diethyl ester (III) The dienol form ( 11 ) of the diacetyl derivative 
(I), which must have been first formed, lost one molecule of water undei the conditions 
of the experiment closing theieby the pyioiie iiiiK 

CO CO 

/"\ 

Kt( ) .L— CH CH— C( )iKl 

I I 

Me— OC CO— Me 

( 1 ) 


CO 

/\ 

EtOjC— C C— COsEt 
II II 

Me— C C— Me 

\/ 

O 

(III) 

J I 

In an attempt to synthesise i.3'5-trikctones — CO — CH — CO — CH — CO— (IV), two of 
which are described in the present paper, we aimed at producing aa'-diforniyl derivatives 
of ketones. By treating formic ester with acetone dicarboxylic ester in presence of two 
atoms of sodium at the temperature of ice we obtained a disodium derivative which, 
when acidified in cold, yielded aw'-diformylacetone dicarboxylic ester, Ci,Hi,Ot (V) 

EtO,C— CH— CO— CH— C( ),Kt 

HC=o HC=0 
(V) 

That the compound is not a pyrone follows from the lesult of its analysis and from the 
following facts: — (i) It has none of the properties of a pyrone. (m) It forms a semicar* 
bazofie (pyrones do not), (in) It vives violet coloration w ith ferric chloride, (iv) It 
forms a non-chelate copper salt C,iHi.OrCu as i;3:5-trikctones do, from which on 
acidification the original ketone is regenerated. 

Certain syntheses with acetone, in which two reactive methyl groups- one on each 
Iside of the Carbonyl- are thedreticdlly available for condensation, are, however, better 


Et<^,C— CH, CH— C(),Et 


— > 


CO 

EtOjC-C C— COjEt 
II II 

Me— C C-Mc — > 

I I 

OH OH 
(ID 
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effected by using acetone dicarboxyliC acid or its ester. For instance, by the action of 
nitrous acid onpQetone dicarboxylic, $cid Pec];unsnn and Wehsaig 1886, 19, 2465) 
obtained Aa'-diuonitro5oacelone, JIGlSwCH-^CO — t-H=NOH tVJ). 

In the molecule of acetone, when olie of the two methyl groups has leacted, further 
reaction generally does’ not' takd^ place at the ^bnd methyf group to produce an aa'> 
];>roduct, but again, at the first to produce oux' product. Thus, when acetylacetone (VII) 
in the formation of which one of the two methyl groups of acetone has teacted, is further 
acetylatedi the product formed is cxoi'-diacetylacetone (VIIJ) (Nef, Annalen, 1893, 277 , 71). 

CH,— CO^Crir^CO— CH, CH,— CO 

CO— CH, 

(Vll) CH,--CO (VIII) 

When, however, sodium derivative of acetone monoxalic ester leacts with sodium 
ethylate and oxalic ester (Claisen, Ber., 1891, 24 , zi6), or when oxalic estei (2 mols.) acts 
upon acetone (i mol.) and sodium ethylate (2 mols.) in two instalments (Willstaiter and 
Pummerer, Ber,, 1904, 37 , 3734) the product formed is the disodium derivative of 
o(oi'>acetone<dioxalic ester, EtOjC — CO — CH^ — CO — CH* - CO - CU^Et (IX) 

With a view to studying the action of two molecules of formic ester on acetone, we 
added to sodium (i atom) a mixture of the ester (r mol.) and acetone (i mol.) and then 
another atom of sodium and another mol. of the ester. We also worked by adding to 
sodium (2 atoms) a mixture of the ester (2 mols.) and acetone (r mol.). The reaction was 
carried out at ice temperature and in ether as the solvent. In both the cases v\e obtained 
a disodium derivative which on acidification gave wa'-difoimylacctone, Csll,.()j <X) 

'H-CO-CH*— CO-CH-jCU-H (X) 
which is the simplest i:3:5-triketone. 

Diformylacetone I hts-hydroxymethylene acetone I was obtained in aqueous solution 
by WillsWtter and Pummerer 'Ber., 1905, 88, 1470/ by hydrolysing its tris-diethylacetal, 

OEt 

EtOv I .OEt 

>CH— CH,— C CH,CH< 

Etc/ I ’ \)Et - 

OEt 

which in its turn was prepared from i:4-pyrone and orthoformic ester. They, however, 
did not isolate the pure ketone from its aqueous solution and did not analyse it. They 
also have not described any of its functional derivatives except its green copper salt, 
CuCsH^O,. 

The compound isolated by us is a liquid afid very soluble 111 water. Its composition 
has been proved from its analysis It forms a'semicaibazone and gives^a violet colors^tiop 
with feiric Chloride. Eike other i:3;5-triketones it forms a non-'chelate cr^^er j^salt, 
CUC5H4O,, the properties of which agree' with Those described by WiU8;t^^w and 
/j^Qhimerer (loc. cH,}. On standing for some days it gtaduall^ turns into a brow^ solid 
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which We have not yet investigated. Simultaneously the intensity of its coloration 
with ferric chloride fades. 

In the reaction described above an appreciable amount of monoformylacetone {XI i 
was formed, which in the hydroxymethylene form (XIA) 

H— CO— CHj— CO— CH,— >H— C = CH— CO— CH, 

(XI) OH (XIa) 

readily turned into its self-condensation product, iij-.s-triacetylbenzene I'XII) (Claisen 
and Styrol, Ber., 1888, 21 , 1145). 


OH, 

I 

ro 

I 

CH 

HO— CH-^ 

CH.— CO— CHv^ 

CH(ril 


CHOH 


HC 


CH 

I 

CO 

I 

c 


3 


CH 


II 

HC -OC -CH, 


CH,— CO— C C— CO— CH, 

Vh/ 

'Xlli 


The latter being a solid could be separated from the liquid diformylacetone or its 
aqueous solution . 

In an attempt to obtain diformylcye/dicxanone the only product that was i.solated 
pro\ed to be the monoformyl derivative, hydroxymethylenecyciohexanone. 


Experiment A r, 

Diformylacetone Dicarhoxylic Ester. — To pulverised sodium (4.6 g., 2 atoms) 
covered by dry ether and kept at ice temerature, was gradually added a mixture of ethyl 
formate (14.8 g., 3 mols.) and acetone dicarboxylic ester (aog., i mol.). The reaction 
mixture was kept at o’ for i day and then at room temperature for a days. The disodium 
derivative formed was filtered at the pump and washed with ether, yield 26 g. It was 
dissolved in minimum quantity of cold water and the alkaline solution was extracted' 
With ether, made slightly acid with acetic acid and again extracted with ether. . The 
ethereal extract was washed and dried and the solvent removed. The residual 
liquid (16 g.) was fractionated and the crude diformyl derivative fb. p. i5o“-il?s°) 
on further fractionation distilled at 174**176®, yield 3.4 g. (Found: C150.9; H, 5 ' 4 ‘ 
C.iHiiO, requires t', 51. i; H, 5.4 per cent) 

The conipdund readily forms a semicarbazone which on ctyrtallisation from hojt 
dilute alcohol melts at 192-93 (Found; C, 39 t 1 H, 5.5 ; N, 30.0. C,4H„(),N, requires 
C, 39.1 ; n. 5’3; N, 20.3 percent;. 

It gives a violet colour with ferric chloride and turns blue litmus red. It is appreci- 
ably notable in water? It forms, in almost theoretical amount, a green coi^f salt' on 
shaking with aqueous solution of copper acetate. The purified copper salt after drying in 
an oven at loo® was analysed, (Pound : Cu, ao.o. CuHuO,Cu requires Cu, 19.8 
per cent). 
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On decomposition with cold dilute hydrochloric acid'the copper salt regenerated the 
diformyl derivative. 

Ck 9 !*Dtformylacetone. — To pulverised sodium (6 g., a atoms), covered by dry ether 
and kept at ice temperature, was gradually added during the course of 45 minutes a 
mixture of acetone I7.5 g., I mol.) and ethyl formate ^18.5 g., 2 mols.). The reaction 
initially was vigorous and care was taken not to allow the temperature to go above 0*. 
The mixture was kept at this temperature for one day with occasional shaking and then 
was allowed to remain at room temperature for a days with shaking as before. The 
disodium derivative formed was filtered at the pump and washed with ether. The dry 
salt weighed 27.5 g. 

The derivative was dissolved in mimimum quantity of ice-cold water and extracted 
with ether. The aqueous alkaline solution was made slightly acid with acetic acid and 
left to stand for sometime. Crystals of i.3:5-triacetylbenzene, produced by self- 
condensation of monofonnylacetone formed in the reaction, began to separate. These 
were identified from their melting point and the melting point of the semicarbazone. 
After 2 hours the liquid was filtered from the crystals and extracted five times with 
chloroform. After washing, drying and removal of the solvent the crude diformylacetone 
weighed 9 g. On repeated fractionation further amount of the solvent was removed and 
a liquid boiling between 98® and 101“ (3 g.) was collected. ^Found: C, 52.5 ; H, 5.6. 
CtH«Oa requires C, 52.6 ; H, 5.26 per cent). 

It is a thin colorless liquid, very soluble m water and gives acid reaction. It 
colours ferric chloride violet. It forms a semicarbazone which on crystallisation from 
hot dilute alcohol melts at 160®. fp'ound: C, 33.9 ; H, 4.9 ; N, 43.8. CiiH,»OjN» 
requires C, 33.6 ; H, 5.2 ; N, 44.2 per cent). 

On adding it to a cold concentrated solutidh of copper acetate the solution became 
green but no copper salt separated. After standing for some hours a green crystalline 
copper salt slowly deposited. The salt is appreciably soluble in water. It was washed 
with minimum amount of cold water and after drying at 100® it was analysed. ^Found ; 
Cu, 36.1. CsH^OiCu requires €0,36.3 percent;. The salt gives a nearly colorless 
solution in glacial acetic acid. When an aqueous solution of the disodium salt, made 
just acid with acetic acid, is poured into excess of cold concentrated solution of copper 
acetate, the copper salt of oca'-diformylacetone is obtained as a green crystalline 
precipitate on rubbing. 28 g. of the sodium salt gave copper salt which on drying 
weighed 12 g. This on crystallisation from hot water was found on analysis to be 
identical with the copper salt prepared directly from the ketone. 

In this preparation much of the diformylacetone remained dissolved in the aqueous 
medium and could not be completely extract^ by the solvent. It was isolated in the 
form of copper salt which proved on analyVs to be identical jvith the copper salt 
described above. Its semicarbazone could also be prepared from the aqueous solution. 

C'nxiiitcu, LASoiuyoRV, 

'Aora CoLlSes. Aom. R»Mv»d July 19, 1949. 
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SYNTHESIS OP 6-HYDROXY-3-ALKYL (ARYL)CHROMONES 
Bv T.R. ING1.R, (Eate) N.E. Phalnikar and B. V. Bhide 

a-Acylhydroquinones on condensation with ethyl formate in the presence of sodium gave 6 -hydroxj- 
3-alkyl (aryl)chromones. The hydroqninones, chromones, as well as their functional derivatives have 
been described. 

A review of the existing literature shows that our knowledge of 6-hydroxycKro- 
mones, coumarins and flavones is very scanty, while 6-hydroxy-3-alkyl (aryl) chromones 
are not atall known. The present paper describes the preparation of such compounds. 

Mahal, Rai and Venkataranian (/. Chem. Soc,, 1934, 1120) have shown that the 
o-hydroxyohenylbenzyl ketones condense with ethyl formate and give isoflavones, 
which otherwise were inaccessible or could not be synthesised directly. Using this 
method acylhydroquinones were condensed with ethyl formate in the presence of 
sodium to give 6-hydroxy-3-alkylchromones. 

Kuroda and Wada (Scu Papers Inst. Phys. Chem. Res. Tokyo, 1938, 34 , 1740) 
prepared 2-butyrylhydroquinone by Fries* migration of 4-methoxyphenyl butyrate 
(m.p. 175®). The same ketone has been prepared in this work by (a) the condensation of 
hydroquinone with butyryl chloride* (b) Fries' migration of hydroquinone dibutyrate, and 
(c) demethylatioii of 2-butyrylhydroquinone dimethyl ether, 

O H 


OH ~ 

/k 

C— H 

/V\ / 1 

HO C E 


Hoy> 
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.C_H 

Jo— E 
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0 


0 |H OH| 


HO C HO C 

II n 

0 0 

(IV) (III) 

a-Butyrylhydroquinone, prepared by any one of these methods, however, melted 
at loi®. Evidently the melting point reported by the above authors appears to be 
incorrect 

4— lyaiP.— la. 
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I^ikewise. Pinzi {Monats, 1905, 26 , 1135) obtained z-pbenylacetylh^droquinone by 
the condensation of bydroquinone with phenylacetyl chloride and reported the melting: 
point of the substance as 170°, while in the present work it melts at 113°. 

On account of this uncertainty, the acylhydroquinones required in this work 
were prepared in almost all cases by at least two independent methods and their iden- 
tity was confirmed by preparing their functional derivatives. The overall yields of 
the acylhydroquinones, prepared by any of the above methods, were only 5 to 7% . 

In order to see the accessibility of the reaction of Mahal, Rai and Venkataraman 
Hoc. cit.) this reaction was tried on 2-acetyihydroquinone when 6-hydroxychromone, 
identical with that obtained by David and Kostanecki (Ber., 1902, 85 , 2547) was isolated 
in good yields. The reactions involved are given above. 

By following exactly the same procedure chromones, tabulated in the Table II, 
have been prepared and their identity confirmed by their functional derivatives. 

Experimkntai, 

Dimethyl Ether of 2-Butyrylhydroquinone. — Finely powdered anhydrous alum- 
inium chloride (0.2 M) was added in small lots to a mixture of bydroquinone dimethyl 
ether (0.2 M), butyryl chloride (0.2 M), dissolved in dry and freshly distilled nitro- 
benzene (80 C.C.). On keeping overnight, the mixture was heated on a water-bath 
for 3 hours and then decomposed by ice and hydrochloric acid. The solvent was 
removed by steam-distillation and the remaining mass was extracted with ether. The 
ether layer was washed with water, twice with 10% sodium hydroxide solution and again 
with water. It was then dried over anhydrous magnesium sulphate and the ether re- 
moved. The 2-butyrylhydroqvrinone dimethyl ether, thus obtained, was distilled under re- 
duced pressure, b.p. i72‘’-i 75'/25 ram., yield 70%. (Found: C, 69.2; H 7.8. CuHioOa 
requires C, 69.2 5 H,7.7 per cent). 

The semicarbazone, prepared^by the usual method, was crystallised from ethyl alcohol, 
m.p. 153-54®. (Found : N, 15.7. C,jH„0,N3 requires N, 15.85 per cent). 

The 2:4-dinitrophenylhydrazone was crystallised from methyl alcohol, m.p. 174-75°. 
(Found : N, 14.5. C,8HjoO«N4 requires N, 14.53 per cent). 

The other ethers, prepared in a similar manner from bydroquinone dimethyl ether 
and the requisite acyl chloride, have been described in Table I. 

Preparation of z-Butyrylhydroquinone. Condensation of Hydroquinone with 
Butyryl Chloride (Method I). — Hydroquinone (o.i M) and butyryl chloride (o.i M) were 
dissolved in dry distilled nitrobenzene (40 c.p.) and freshly powdered anhydrous alumin- 
ium chloride (0.1 M) was gradually added to it with ice cooling. On keeping overnight, 
it was heated on a water-bath for 3 hours, when the colour of the mixture became red. 
It was then decomposed with ice and hydrochloric acid. The solvent was removed 
and the residue extracted with ether. The ether extract was 'dried over anhydrous 
magnesium sulphate and the ether removed. On . keeping overnight it solidified. It 
was then crystallised from benzene (charcoal), m.p lOi®. (Pound : C, 66.5 ; H, 6.7. 
CioHtfO* requires C, 66.6; H, 6.66 per cent). 
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Dibenzoyl derivative, prepared by the usual method, crystallised from methyl alcohol 
in white needles, ni.p. no”. (Found : C, 74-25; H, 5.3 CjiHjoO. requires C, 74-2 ; H, 
5.2 per cent). 

Fries Migration of Hydroquinone Dibulyrate (Method II). — Hydroquiuone dibu- 
tyrate was prepared by adding bulyryl chloride (0.2 M) to hydroquinone (o.i 21/) in 
small lots with vigorous shaking. When the addition was complete, it was heated on 
a water-bath for 3 hours and then poured in ice water. The liquid obtained was 
taken in ether and washed with sodium hydroxide solution (ro%) and then with water. 
The ether extract was dried over magnesium sulphate (anhydrous), and the ether re- 
moved. The residue was distilled under reduced pressure. It solidified on cooling. 
It was crystallised from petroleum ether (6o°-8o'“) in colorless plates, m.p. 41-42°. 
(Found . C, 67.2 ; H, 7.2. CiiHiaO, requiics C, 67.05 ; H, 7.2 per cent). 

Hydroquinone dibutyrate (o-i M) was thoroughly mixed with finely powdered 
anhydrous aluminium chloride (o-i M) and the mixtuie was heated at i5o°-i6o° for 
5 hours with stirring. t)n cooling it was decomposed by ice and hydrochloric acid when 
a black liquid separated. This was taken up in ether, washed first with water and 
then with 10% sodium hydroxide solution. The alkaline washings were acidified and 
again extracted with ether. The lattci extract on removal of the solvent gave a-butyryl- 
hydroquinone, which crystallised from benzene (charcoal), m.p, 101°. 

Demethylation of Dimethyl Ethei of z-Butyryihydroquinone (Method III).— Dime- 
thyl ether of 2-butyrylhydroqumone (0.04 M) was dissolved in 30 c.c. of hydrobromic 
acid in acetic acid (0°). The mixture was heated on a sand-bath for 6 hours under 
reflux. The whole product was poured on icc when a viscous mass separated. Under 
these circumstances it was dissolved in ether, and washed with 10% sodium hydroxide 
solution. The alkaline washings were acidified, extracted with ether, washed free of 
acids, and dried over anhydrous magnesium sulphate. After removal of the ether, the 
residue solidified. It was crystallised from benzene, m.p. 101°. 

All these products obtained by these three different methods have been shown to be 
identical by finding their mixed melting points. 

Preparation of e-Hydroxy-ycthylchromone.—z-Butytylhydioqmnone (5 g.) was 
added to dry and freshly distilled ethyl formate (150 c.c) and the mixture was added 
to powdered sodium (lo g.) during 2 hours, with ice cooling. After 20 hours the 
reaction mixture became dull red. It was then decomposed by ice water and it was 
extracted with ether to remove the unchanged substances. After acidification 
of the alkaline water extract, and keeping it for about 4 hours, fine needles of 6-hydroxy- 
3-ethylchromone was obtained. It was filtered and crystallised from dilute ethyl 
alcohol (charcoal), m.p. 181°. (Found : C, 69.2 ; H. 5-1- CxjHioO, requires C, 69.3 ; H, 
5. 26 per cent). 

6.Methoxy-3-ethylchromone was prepared by dissolving the above chronjone (i g.) 
in dry acetone (20 c.c.) and adding to it anhydrous potassium carbonate (i g.) and 
methyl iodide ^5 c.c.) . The mixture was refluxed for 5 hours. The solid obtained 
after removal of the solvent was washed with dilute sodium hydroxide and then with 
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water. It crystallised from petroleum ether (6o®-8o®), m.p. 66®. (Found ; C, 72.4; H, 5.9. 
Ci^HiaOs requires C, 72.24 ; 5.9 per cent). 

S-Acetoxy^yethylchromone was prepared by refluxing a mixture of 6-hydroxy-3- 
ethylchromone (i g.), acetic anhydride (5 c.c.) and anhydrous sodium acetate (i g.). 
for 3 hours and pouring it in ice water. The product was crystallised from dilute 
methyl alcohol, m.p. 90°. (Found : C, 67.4 ; H, 5.4. Ci3Hi204 requires C, 67.3 ; 
H, 5 2 per cent). 

The other 2-acylhydroquinones, chromones, as well as their functional derivatives 
have been prepared in a similar manner and are described in Table II. 


Tabi^s I 


Compounds. Mol formula. M.p. B.p. Found Calc. Selvent used and 

: TT TT 


[H =hydroquinone] 


C. H. C. H. remarks. 

Dimethyl ether of 
2-n-caproyl-H 

C14H20O3 

— 175-80* /ismm. 71*3% 8.5% 71 2% 8.5% Colorless liquid. 

Dimethyl ether of 
2-heptoyl-H 

CisHjaOa 

34-35" i 75 -So */5 

72.1 8.9 72.0 8.8 MeOH 

Dimethy ether of 
2-lauroyl-H 


•— 180-85*/ 1. 2 

B.p. 175-78*70.2- 
0 3 mm. (cf. Heil- 
bron et al., ]. 
Chem Soc, 1942, 
660). 

Dimethyl ether of 
phenyiacetyl-H 


49* — 

— — ^ — Petroleum ether 

(6o*-8o“), m.p. 49* 
(cf. Kauffmann and 
Grombach, Anna- 
lent 1906, 6d, 344) . 

Dimethyl ether of 

2-phenyl propiony 1 -H 

210 - 12 * 7:^-3 

75 6 6.8 75.5 6.6 — 



Table II 


Compounds. 
[C=chromoue ; 

H s^hydroquinone] 

Prepared from. 

Mol. formula. M.p 

B.p. Found. Calc, Solvent used 

and remarks. 

6-Hydroxy-C 

2-Acetyl-H & 
ethyl formate 

- 241-42* 

— — M.p. 243* (cf. 

David and 
Kostanecki, 
iBer., 1902, 38 , 
2547 )- 

6-Acctoxy-C 

6-Hydroxy-C 

— 126-27* 

% 

— — — M.p. 127* (cf. 

David and Kos- 
tanecki, loc, 
cit.) 

6-Methoxy-C 

f* 

CioHtOs 97 “ 98 * 

— C, 68.3% 68.2% Petroleum ether 
H, 4.6 4.54 • (6o*-So*) 

a-n-Valeryl-H 

1 

H & n-valeryl 
chloride by 
method I. 

CiiHiA ‘ - 

X80-S5*/ C, 68.15 68.05 — 

X5mip. H, 7.2 ^ 7.2 

6*Hydroxy^ 

3-n-propyl-C 

ii-Valcryl-H 
ft ethyl formate 

CjjHiiOa * 119* 

— C, 70.5 70.6 Dilute MeOH 

H, 5.8 5.9 



SYNiHESIS OP 6-HYDROXY-3-ALKYL (aRYL) CHROMONPS 573 


Table 


Compounds. 

Prepared from. ' Mol. formula 

6-Methoxy- 

arr-propyl-C 

6-Hydroxy- 

3W-propyl-C 

C13H14O3 

2-/soValeryl-H 

Hydroquinoue & 
isovaleryl chloride 
by method I 

- 

6-Hydroxy-3- 

isopropyl-C 

2-isoPropyl-H & 
ethyl formate 

Ci 2 ni 203 

6-Acetoxy-3- 

<5opropyl-C 

Acetylation of 6- 

hydroxy-3-/so- 

propyl-C 

ChHiA 

2-n-Caproyl-H 

(1) Hydroquinone 
& n-caproyl chlo- 
ride by method I 

(2) Demcthylation 
of dimethyl ether of 
2-caproyl-H by 
method Til 

C12H16O3 

6-Hydroxv-n- 

butyl-C* 

Hydroquinoue & 
ethyl formate 

CjjHjA 

6-Methoxy-3- 

n-butyl-C 

Methylation of 6- 

hydroxy-3-n- 

butyl-C 

CjiHiA 

H-diheptoate 

H & heptoyl chlo- 
ride heated on a 
water-bath for 

6 hours 


2-Heptoyl-H 

(1) H & heptoyl 
chloride by 
method I 

(2) Fries’ migia- 
tion of dlheptoate 
by method II 

(3) . Demcthylation 
of dimethyl ether 
of i-heptoyl-H by 
method III 

C13H180J 

6-Hydroxy-3-n- 

pentyl-C 

2-Heptyol-H & 
ethyl formate 

CiiHjeOa 

6*Acetoxy-3-n- 

pcntyl-C 

Acetylation of 6-hy- 
droxy-3-n-penlyl-C 

C16H13O4 

• 

2-Lauroyl-H 

DemethylaHon of 
its dimethyl ethei 
(cf . Table I) by 
method III 

C18H28O3 

6 -Hydroxy 3-n- 
decyl-H 

2-Iyauroyl-H & 
ethyl formate 

C19H2SO3 


II (contd^ 


M.p. 

B.p. 

Found. 

Calc. 

Solvent used 

81 remarks. 

48-49* 

— 

C. 71.6% 
H. 6.5 

71.55% 

6.4 

Petroleum ether 

114-15* 


— 

— 

CCI4 (cf. Klinger 
&Standke,®sr., 
1891, 21 , 1345). 

191-92* 

— 

C, 70.5 

U. 5-8 

70.6 

5.9 

Dil. Eton, yield 
very poor. 

88 * 

— 

0,68 3 

H. 5-7 

68.3 

5.67 

Dil. Eton 

81-82* 

— 

0, 69.3 
H, 7.7s 

69.23 

7-7 

Benzene. 

81-82* 

(mixed) 






— 

0 . 7 « 5 
H, 6.6 

71*55 

6.4 

Dil. EtOH 

63 * 

- 

C, 72.4 
H. 6.9 

72.4 

6.9 

Petroleum ether 
(60-80*) 

57 - 48 ’ 

— 

0, 71.9 
H, 9.1 

71.8 

8.9 

MeOH 

118* 

— 

C, 70.S 
H, 80 

70 26 

8 .Z 

Benzene. 

118" 

(mixed) 





ii8* 

(mixed) 





146* 


0 . 71 3 
H, 6.8 

72.4 

69 

Dil. MeOH 

90-91* 

— 

C, 70.1 
H, 67 

70 0 
6.6 

Do 

101* 

— 

0 , 73.8 
H. 9.5 

74-0 

9 . 6 _ 

Petroleum ether 
(6o*-8o*) 

115 * 

— 

£. 75-3 
H, 8.7 

75*5 

8.6 

Dil. RtOH 
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Table II (contd.) 


Compounds. 

Paepared from. Mol formula. 

M.p. 

B.p. 

Found. 

Calc. 

Solvent used 
and remarks. 

2-Pbenylacetyl-H 

(1) H & phenyl- 
acetyl chloride 
by method I 

C14HJJO3 

113* 

— 

C, 73-5% 
H, 5.3 

73-7% 

5-26 

CCI4 


(2) Demethylation 
of dimethyl ether of 
2-phenylacetyl-H by 
method 111 


113“ 

(mixed) 





Di acetyl deriva- 
tive of 2-phenyl- 
acetyl-H 

Acetylation of 2- 
■ phenylacetyl-H 

CisHieOfi 

141-142* 

— 

C. 69.1 
H. 5-3 

69.2 

5-1 

MeOH 

6-Hydroxy-3-«- 2-Phenylacetyl-H 

pentyl-C (6-hydroxy & ethyl formate 
hoflavone) 


215-16® 


C. 7S-45 
H, 4-1 

756 

4.2 

Dil. MeOH 

6-Methoxy<so- 

flavone 

Methylation of 6- 
hydroxyisoflavone 

C16H12O3 

170-71® 

— 

C. 76.1 
H, 4.4 

76.2 

4.6 

Do 

6-Acetoxy<so- 

flavone 

Acetylation of 6-hy- 
droxy isoilavone 

O17H12O4 

152* 

— 

t-'. 7* -9 
H, 4.4 

72 82 
4.2 

Dil. MeOH 

2*/i-Phenylpro- 

pionyl-H 

(i) Hydroquinone 
& hydrocinnamoyl 
chloride by 
method I 

C15H14O3 

119" 


C, 74-3 

H. 5-9 

74.38 

5.8 

Do 


(2) Demethylation of 
^methyl ether of 2- 
phenylpropionyl-H 


119® 

(mixed) 





Dibenzoyl deriva- Benzoylation of 
tive of 2-/3“phenyl- a-phenylpro‘ 
propIonyl-H pionyl-H 

C29H22O5 

I57‘ 


C, 77 5 

H, 4 0 

77.3 

4.9 

If 

6-Hydroxy-3- 

benzyl-C 

2*Pheny 1 propionyl- 
H & ethyl formate 

C16H12O3 

226“ 

— 

c, 763 

11. 4-8 

76.2 

4.7 

11 

6-Methoxy-3- 

benzyl-C 

Methylation of 6- 
hydroxy-3-benzyl-C. 


98^* 

— 

C. 76.8 

H, 5.3 

76.7 

5 

Dilute ethyl 
alcohol 

6*Acetoxy-3- 
• benzyl-C. 

Acetylation of 
6-hydroxy-3-bcnzyl-C 

CibHuOi 

128- 

— 

C. 73-5 

H, 4.8 

73.48 

4-75 



Maharaja Pratapsing Chemical I^aboratory, 
S. P. College, Poona-2 
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THE FORMATION OF THE lODO DERIVATIVES OF SUBSTITUTED 
AND BROMO-DISUBSTITUTED MALONAMIDES 

By M. D. Avasarb, M. U. Shah and C. J. Shah 


Disabstituted malonamides have been iodinated and monoiodr, diiodo and bromo-iodo derivatives 
obtained. 

Naik and Shah (this Journal, 1930, 7 , 239) tried to prepare iodo derivatives of substi- 
tuted malonamides with iodine nionochloride but they obtained only chloro derivatives. 
Several workers have obtained iodo compounds before in presence of various oxidising 
agents. We have iodinated substituted malonamides in presence of iodic acid as an 
oxidising agent and have obtained monoiodo and diiodo derivatives from HaC(CONHR)3 
[wliereR is phenyl, /)-tolyl, o-tolyl, i:4.5-xylyl, i;3:4-xylyl, />-broniophenyI, or hydrogen] 
and only monoiodo derivatives have been obtained where R is benzyl or ethyl. In 
the case of malon-diphenylamide, iodine replaces the methylene hydrogen and not the 
hydrogen of the phenyl group, which is proved by the fact that iodine is readily reduced 
with potassium iodide and hydrochloric acid (Kurt Meyer, Annalen, 1911, 380 , 212), 
whereas iodine attached to the phenyl group is not reduced by this method. 

Bromomalon-di-/>-bromoanilide, bromomaloii-di-f’-tolylamide and bromomaloudi- 
benzylamide also react with iodine in presence of iodic acid and give rise to the corres- 
ponding bromoiodo derivatives. 

The iodo compounds so obtained are fairly stable and decompose only slowly on 
long standing. When compared with the corresponding chloio and bromo derivatives, 
which are quite stable, the instability is attributed to the larger atomic volume of 
iodine and consequently greater strain being so created in the molecule 

Expbrimbntal 

The compound (2 g.) is dissolved in glacial acetic acid (60 to 90 c.c.) by heating 
under reflux on a sand-bath and is made to react with iodine (0.4 to 1.6 g.) in the 
presence of concentrated aqueous solution of iodic acid (0.2 to 0.7 g.). Iodine is slowly 
absorbed on shaking. When it is completely absorbed, the solution is filtered hot and 
the filtrate ‘ cooled when crystals of the resulting compounds are obtained. They are 
removed, washed with alcohol or benzene or m some cases with chloroform also and 
the meltmg point and solubility in organic solvents determined. They are readily 
soluble in alcohol, or benzene and in some cases in chloroform and sparingly soluble 
or insoluble in ether, chloroform and petroleum ether. 
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Tablb I 


lodo derivatives. 

M. p. Formula. 

Iodine. 





Found. 

Calc. 

I. Monoiodomalon- 

Decomposes above 170* 

C15H13O2N2I 

33.59% 

33*42% 

diphenylaraide 

and melts at 798*" 


2. Ditodomalon- 
dipbenylamide 

130® 

C16H12O2N2I2 

50.17 

50.19 

3. Monoiodomalou-di- 
^•toljlaniide 

Decomposes above 180* 
with liberation of iodine ; 

C„Hi 702 N 2 T 

30.77 

31.13 

198- 




4. Diiodotnalon-di- 

136.37* 

C17H1602N2T2 

47.64 

47 t 58 

/’-tolylamide 

5. Monoiodomalon-di- 

Decomposes above 170® ; 

31*33 

31.13 

CJ7H1702N2I 

cMolylamide 

203* 


6. Diiodomalon-di- 

Decomposes above 165® ; 

Ci 7 Hie 02 N 2 T 2 

' 17-55 

47.58 

O'tolylamide. 

187-88® 


7. Monoiodomalon- 

Decomposes above 190* ; 

Cl 9 H,i 02 N 2 l 

29.27 

29.13 

di-zylidide (1 14 :5) 

205* 


8. Diiodomalon-di- 

Decomposes above 170® ; 

C19H20O2N2I2 

45*12 

45.2 

xylidide (i 14 :$) 

192-93* 




9* Monoiodomalon-di- 

203-204® 

C19H2102N2I 

28.98 

29.13 

xylidide (i 13 :4) 




10. Diiodomalon-di- 

108-109® 

C19H20O2N2T2 

45*14 

45.2 

xylidide (i *.3 14) 





iig Monoiodomalon-di- 

Decomposes above 190® ; 

C| 5 Hn 02 N 2 Br 2 l 

2356 

23.6 

P*broEDoanilide 

2lS® 


12. Diiodomalon-di- 

Decomposes above 160® ; 

Q 6 ®^ 10 ^ 2 N 2 Br 2 l 2 

38.21 

38.24 

p-bromoanilide 

205® 



13. Monoiodomalonamide 

Decomposes above 190* ; 

CsHsOaNjI 

SS.88 

55*71 


201-2® 




14. Diiodomaloamide 

Decomposes above i6o® ; 

C 3 H 402 N 2 la 

71.61 

71*74 


198-99* 

• 



15. Monoiodomalon- 

176® 

C9H9O2N2I 

41.84 

41.78 

monophenylamide 




16. Diiodomalon-mono 

140® 

C9H8O2N2I2 

58.99 

59.06 

phenylamide 

17. Monoiodomalon- 

171® 

C^HnOaNal 

31.3 

31.13 

dibenzylamide 





18. Monoiodomabn- 

168® 

C 7 H^ 302 N 2 l 

44*42 

44.72 

diethylamide 

19. Bromoiodomalon-di- 

Decomposes above 155® ; 

C15H1 oOpNaBral 

20.57 

20.58 

^-bromoanilide 

171® 




20. Bromotodomalon-di- 

138* 

CiTHjsOaNaBrl 

26.02 

26.08 

^-tolylamde 




21. Bromoiodomalon- 

109® 

Ci 7 Hi 802 N 2 BrI 

26. 1 

26.0S 

dibenzylamide 





CH6MISTKY DKPARIMENT, 
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STUDIES IN CO-SOLVENCY. PART IV. SOLUBILITY OF STEARATES OF 
LITHIUM, SODIUM AND POTASSIUM IN GLYCOLIC MIXTURES* 

By Shreepati Rao and Santi R. Palit 

Measurements have been made of the solubility of stearates of lithium, sodium and potassium at 35* 
in binary solvent mixtures one component of which is propylene or diethvlene glycol and the other 
is chloroform, ethylene dichlorido or benzene. A few measurements have been recorded using alcohols 
in place of glycols in the above binary mixtures. 

It is observed that the glycolic mixtures improve to a great extent the solvent power of the indivi- 
dual solvents and the results are found to be in agreenieni with previous observations and the already 
postulated mechanism. 

It havS been already shown in previous papers (Pain, this Journal^ 1942, 19 , 271 ; /. 
Amer. Chem, Soc., 1947, 69 , 3120; Palit and McBain, /. Amer. Oil Chem Soc,, 1947, 24 , 
190) of this series that soaps of alkali metals and heavy metals dissolve strongly in mix- 
tures of a glycol (here called G-solvent for brevity) and a hydrocaibon-dissolving solvent 
(called H- solvent) such as hydrocarbons, chlorinated hydrocarbons, higher alcohols and 
the like. This co-solvency is attributed to the existence of polar-nonpolar combination in 
the soap molecule, the polar oxygen in the -COO* group being solvated and thus dissolved 
through hydrogen bonds with the glycols, and the hydrocarbon portion being dissolved 
by the other co-solvent in the (i-H mixture. 

So far no work has been published with the stearates of lithium and i)Otassium and 
the present paper presents the results on these substances. Data on lithium soap are 
of special interest as they have been lately used to a larger extent in the manufacture 
of lubricating grease to impart to it special properties. New data for sodium stearates 
have also been included for comparison and also because the previous w^ork was done 
with rather impure samples of stearic acids, whcicas a vciy pure sample of .stearic acid 
has been used in this investigation. 

E X P K R I M K N T A I. 

Stearic acid was obtained by the following method of purification. Commercial 
triple pressed stearic acid was converted into its lead soap and the liquid acids were 
separated from the solid acids by fractional crystallisation in alcohol (Hilditch, ''The 
Chemistry of Fats and Oils,’* 1947, p. 468). The solid acids were first converted into 
the ethyl esters wdiich were fractionated in vacuum twice and were hydrolysed to get 
back the stearic acid. The stearic acid was next converted into the methyl estei and 
fractionated three times under vacuum and a constant boiling fraction of methyl 
stearate was isolated ] this fraction was saponified to get stearic acid which was 
observed to haye a melting point of 68.5®. It was then dissolved in alcohol and boiled 
• with active animal charcoal and the solution was filtered hot and allowed to crystallise. 
The crystals of stearic acids were recrystallised twice more from alcohol and were used 
fb the present experiments. 

• * Contrfibation No. ii from fhc Department of Physical Chemistry, Indian Association for the Culti- 
vation of Science, Calcutta. 

5— 1721?.— 12. 



Iable I 

Solubility of soaPs at 35* in co-solvent mixtutes {g-l 100 g. solvents) 
Volntne per cent glycol (volnme per cent alcohol where no glycol is present) 
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Stearates of sodium and potassium were obtained by the usual method of neutralis- 
ing stearic acid in aqueous alcohol with the requisite amount of caustic solution free from 
carbonate. Lithium stearate was prepared by precipitating warm lithium chloride 
in slight excess with warm sodium stearate solution and washing the precipitated lithi- 
um stearate repeatedly with warm water until fiee from chloride. The stearates were 
dried at no'* for 3 hours and stored in vacuum desiccators. 

Solubility measurements were done by the method described before (Palit, /. Amer, 
Chem Soc , loc. cit.). The analysis of the satuiated solution was carried out by the 
direct titration method (Palit, Oil & Soap, 1946, 23 , 58 ; Ind. Eng. Chem. Anal. 
Ed., 1946, 18 , 246) with standard perchloric acid in ethylene glycol-wopropyl alcohol 
mixture (i: i) using thymol blue as an indicator. N, 32 normal acid was used for measure- 
ments with lithium stearate and JV/io normal acid was used for measurements with 
sodium and potassium soaps. Even wuth such a dilute solution of perchloric acid the 
end-point could be determined with great accuracy, the colour of the thymol blue chang- 
ing sharply from yellow to red at the equivalence point. 

The results are presented in Table 1 and graphically represented in Fig. i, 2 and 
3. B'or convenience of reference all co-solvency curves ^seventeen in all) have been 
drawm as in previous publications with pure t c., 100% glycolic solvent on the right 
hand extreme of the diagram. It may be noted that our present results with sodium 
stearate aie fairly consistent with our previous data (Palit, this Journal, loc. cH.) 
if allowance is made for a temperature difference of 10®. On comparing curves 
I, 4 and 14 against those of stearates of heavy metals (Pb, Ca, Mg and Zn) in the same 
solvent mixture e. g , propylene glycol-chloroform (Palit and McBain, loc. cit.) it 
is observed that Li, Na and K stearates show maximum co-solvency at a higher propor- 
tion of the glycolic solvent which points to the fact that the alkali metal soaps are 
more polar than the heavy metal soaps. 

Discussion 

Comparison of Li, Na and K.— It will be observed from Fig. i where we have 
collected the co-solvency curves for Li, Na and K in the same solvent mixtures, 
propylene glycol-ethylene chloride and also propylene glycol-chloroform, that all the 
systems show a striking degree of co-solvency, the solubility in the glycol being in- 
creased over three times by adding a non-solvent, e.g., chloroform or ethylene dichlo- 
ride. The solubility in general varies in the older: potassium ^ sodium > lithium. 
It is remarkable that though the lithium soap is extremely insoluble, it unmistakably 
shows the phenomenon of co-solvency in glycolic mixtures even at such low solubility. 

In Fig. I we have also included the curve for the solubility of potassium stearate 
in propylene glycol-benzene mixture (curve 10) which is found to lun at the top of all 
other curves. The measurement with this immiscible liquid pair has been made 
possible by the fact that the addition of potassium stearate brings about a complete 
miscibility. The same is also true of diethylene glycol-benzene system with potassium 
stearate the curve (No. 11) for which is presented in Fig. 2. That benzene is a better 
co-solvent than the chlorinated hydrocarbons has also been previously observed (Palit, 
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/. Amer, Chein^ Soc», loc, cii.) in the case of sodium oleate and this is now found to e 
true for potassium stearate. 

Alcohols as Glycolic Solvents * — In order to test how far the glycolic property is 
possessed by monohydric alcohols^ experiments were conducted to determine the solu- 
bility of potassium stearate in chloroform-alcohol mixtures. Potassium stearate was 
chosen for study as it was felt that the solubility of the other two soaps was too small 
to definitely reveal such co-solvency, if it existed to only a small degree. Of the three 
alcohols tested (methyl, ethyl and n-butyl) it will be observed from Fig. 3 that methyl 
alcohol (curve No. 8) shows a practically linear curve, whereas there is a slight con- 
vexity in the case of ethyl alcohol (No. 9) ; butyl alcohol (No. 7), however, shows a 
very small though definite maximum. This shows that alcohols have very poor co- 
dissolving power for alkali metal stearates and this ^'o-dissolving power seems to increase 
with higher alcohols. That this weak co-dissolving power of butyl alcohol is real is 
further shown by the fact that when chloroform is substituted by benzene in the 
above study there is observed, as would be seen from Fig. 2 (No. 6), a stronger co- 

Fkj. I 

Co‘Solvency curves 



0 so 40 00 90 too 

Propylene glycol (wt. %) 


Lithium stearate in propylene glycol-chloroform (i), -ethyl^e dichloride** (2), -benzene (3), (ordinates 
of 1, a and 3 have been 10 times magnified) ; sodium stearate in propylene glycol-chloroform (14), -ethylere 
dichloride (15) ; poiassinm stearate In propylene glycol-benzene (10), -chloroform (4) and -ethylene 
dichloride (5). I 
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SDlvency in conformity with the already established fact that benzene is a stronger 
H-cosolvent than chloroform. It will be further observed that the co-solvency maximum 
for ethyl alcohol occurs much towards the left of the maximum for butyl alcohol con- 

Fig. 2 

Co-solvency cuives 



0 to 40 fO S *00 

Ihethylenc glycol (wt. %). 

Potassium stearate in dieth>lene glycol-benzene Jii), -chloroform (i?) and -ethylene dichloride (13) ; 
sodium stearate in diethylene glycol-chloroform (17) ethylene dichloride (16). (The ordinates of cnrves 16 
and 17 have doubly magnified). 

Fjg. 3 

Solubility in mixed solvents 



Alcohol (wt, %>. 

Potassium stearate in CUClj— MeOH (8), chloroform ethyl alcohol (9), chlorofoim-n butyl alcohol (7) 
and benaene-M-bntyl alcohol (6). (The ordinates of curves 6 and 7 have been magnified 15 times for con- 
venience in representation) . 
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sistent with the fact that ethyl alcohol contains less proportion of hydrocarbon than butyl 
alcohol. 

We had- previously observed (Palit, ioc. cii.) that among aliphatic alcohols metbyl 
alcohol was the best solvent for sodium oleate. Here, for potassium stearate, we observe 
the same behaviour. 

Comparison of Chloroform and Ethylene Dichloride, — We hive five pairs of curves 
(i & 2, 4 & 5, 12 & 13, 14 & 15, 16 & 17) for comparison between chloioform and 
ethylene dichloride. All the five pairs show the following common features. P'iistly, 
the co-solvency inaximum for ethylene dichloride always occurs on the right of the 
corresponding maximum with chloroform. This agrees with our previous findings with 
sodium stearate snd sodium oleate. In three cases the difference is only of a few per 
cent, but in the remaining two cases the maxima are widely separated ; for example, 
with lithium stearate the maxima are at 29 and 72 volume per cent propylene glycol 
for chloroform and ethylene dichloride respectively, and for sodium stearate the corres- 
ponding figures are 33 and 60 volume per cent using diethylene glycol as the glycolic 
co-solvent It is noteworthy that for sodium stearate, though the maxima are only 
separated by only 5 volume per cent units with propylene glycol, the separation becomes 
widened to over 25 units by passing to diethylene glycol. 

Secondly, in all the five pairs it is observed that the maximum solubility reached 
with chloroform under otherwise identical conditions is always higher than that obtain- 
able with ethylene dichloride. This also agrees with our previous observations with 
sodium oleate and stearate, and may be interpreted as showing that chloroform is a 
better hydrocarbon-dissolving solvent than ethylene dichloride. 

Comparison of the two Glycols. — In this paper we have not presented any data 
for ethylene glycol as the H-cosplvents used herein i. e., chloroform-ethylene dichlo- 
ride, etc., are too immiscible with it to be amenable to such co-solvency measurements. 
From all our previous and also present data with sodium stearate and oleate, we found 
propylene glycol (P. G.) a much better solvent than diethylene glycol (D. G.) for the 
pur6 soap. In potassium stearate we have met the reverse behaviour. Weight per 
weight, D. G. is found to be a slightly better solvent than P. G. for K-stearate. However, 
the co-solvency curves for D. G. with both chloroform and ethylene dichloride run higher 
above the corresponding curves for P. G. in agreement with our previous work. P. G. 
has also been found to require less H-solvent than D. G. to produce the maximum solu- 
bility which is expected from the already established fact that D. G. is a stronger 
glycolic solvent than P. G. {vide , Fig. 6, Palit, /. Amer. Chem. Soc., loc. cit.). 

Stearates and Oleates compared.— On comparing the present data for sodium stea- 
rate with the previously published data on sodiunf oleate it is observed that as expected 
the stearates are much less soluble than the oleates. Further, for ^iut^ stearate the 
co-solvency maximum always occurs more towards the left hand side (t. e., glycol-poor 
region) than the corresponding point for the sodium oleate. This is easily understand- 
able as stearate being more hydrocarbon-like and less solubld^in hydrocarbons requires a 
higher proportion of H-solvent to bring about the maximum possible solubility. . 

Height and Position of the Co^solvency Maxima.^The generalj trends of these two 
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features of the maxima are in general agreement with what would be expected if we 
accept the picture that the co-solvency arises from the fact that the hydrocarbon poition 
is dissolved by the H-cosolvent and the -COO" portion is dissolved by the G-cosolvent 
as previously postulated and as shown below. 

.0 HO.CHj.CHaOH 

CH,.CHa.CH, CHj C/-Na" 

^0 HO.CH,.CH,OH 

[This portion dissolved by the H-cosolventl [Solvated and dissolved by glycol through 

hydrogen bonding] 

We are, however, as yet far from deducing any quantitative guide as to an approxi- 
mate idea of these two features. For example, if we are confronted with the question 
of giving an approximate idea of the height and position of the co-solvency maximum 
in an hitherto uninvestigated soap system, say, sodium laurate in diethyleneglycol- 
chloroform mixture, it becomes difficult to make any quantitative prediction. Our 
already observed findings make us bold to presage that the position of the maximum 
will be towards the right side ol that of sodium stearate or myristate under identical 
conditions, and also towards the left side of the maxima for the same system using 
ethylene dichloride in place of chloroform, or propylene glycol in plate of diethylene 
glycol. We can further say that the per cent increase of the maxima over the mean 
solubility at that composition w'ill be less than that of its higher homologues. 

The authois desire to express theii thanks to Sri Ranajit Sengupta for carrying 
out a majoi paU of the work tor the purification of the stearic acid used in this investiga- 
tion. 

Physical Chimistry Ujpartwent, 

Indian Association for ths Cultivation Received July la, 1949, 

or Science, Calcutta— la 
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ON ORGANO-ARSENICAL COMPOUNDS. PART V 
By B. Pathak and T. N. Ghosh 


Some diamidine derivatives of the tvpes (111 and IV), containing arsenious acid group, have been 
synthesised 


If has becQ shown by Ashley eL aL (/. Chem. Soc., 1942, 103) that the aromatic 

symmetrical diamidiiies have outstanding antipaiasitic properties against protozoa. It 
is not known whether such activity depends sperifically on the amidine group which 

may function by assisting adsorption, through the resonance of its ion, or by interfering 
witli a similarly constituted metabolite in the parasite ^cf. Albert et al., ibid., 
1947,1452). It is also known that certain arsenic derivatives have a beneficial effect 
on patients suffering from various forms of ttypanosoniiasis Whether the presence 
of both arsenic and amidino groups in one molecule will stimulate, or suppress, such 
action has still to be determined. With this object in view, it has been considered 
desirable to synthesise some, diamidines containing arsenious acid group. 

In parts III and IV (Pathak and Ghosh, this Journal, 1949, 26 , 254, 293) of this 
seiies of papers, it has been shown that N-aikylated amidines containing arsenious acid 
group are obtained by reacting acetanilide or its derivatives with i^-arsanilic acid in 
presence of phosphorus oxychloride ^-Cyanoacetanilide has now been reacted with 
/)-arsanilic acid in presence of phosphorus oxychloride to yield a mixture of the 
acetamidine derivative (I) and a compound (in.p. 182-84*’) containing chlorine but no 
arsenic, the constitution of which could not be deOnitely ascertained. Similarly, the 
condensation of /’•cyanobenzanilidc with /^-arsanilic acid in presence of phosphorus 
oxychloride has furnished a mixture of the benzainidine derivative TI) and a non- 
arsenical chloro compound (m.p. 190-92®) of undetermined constitution. 


NH— As(OH)s 

CH,— / V 

^N— CN 

(I) 

NH— ^ As(OH)2 


O /NH — / S— As(OH), 

-C < ^ / 

^N— Ph 


(ID 


\ /— As(OH)j yNH— ^ 'Sas(OH)* 

CH.-C< > V .NH >C-< >-C< ^ ^ 

^N— < >-C< Nh/ . / ^N— Ph 

^ ^ ^NH, 


(III) 


(IV; 


Attempts were made to prepare the imino>ether hydrochlorides of, the above cyano 
compounds (I and II) > containing strong basic groups, in ether, benzene or chloroform 
but in each case passing of dry hydrogen, chloride caused immediate formation and 
precipitation of the cyano hydrochlorides. The problem has been, however, solved by 
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AeCdi^6yery; that nitVobenzene (cf. AshJey et al., loc. cit; U. S. P., 8,204, 983 ; 
B. P. 510,097) is an excellent solvent for these cyano hydrochlorides and also for 
^e CESulthig imino'bther hydrochlorides, the latter having been almost quantitatively 
precipitated * by the addition of ether. The imino-ether hydrochlorides, thus 
obtained, have easily furnished the arsenious acid derivatives (III and IV), both 
of which contain an unsubstituted and a substituted amidino group. These compounds 
(III and IV) readily respond to the specific colour reaction as discovered by Puller 
(Nature, 1944, 154 , 773) for unsubstituted aromatic amidines. 

E x’p KRIM8NTAL 

(Phenyl-4-cyano) (phenyl-4-arsenious acid)-acetamidine (I). — An intimate mixture 
of ^-cyanoacetanilide (16 g., prepared according to the method of Bogoslovskii, J. 
Gen. Chem., U. S. S. R., 1938, 1 , 1784) and p-arsamlic acid (21.7 g.) was gradually 
added to phosphorus oxychloride (90 c.c.) and the mixture was then heated in an oil- 
bath at i25°-i30® for 5 hours. Next day, the reaction mixture was poured into crushed 
ice, when on stirring a pasty mass was obteined. The supernatant liquid was decanted 
and basified with ammonium hydroxide, when a solid was precipitated. This solid 
was mixed with the above pasty mass and the total quantity was then triturated with 
5% caustic soda solution and finally filtered. 

The alkaline filtrate was treated with charcoal, filtered and acidified with dilute 
hydrochloric acid. I'he acidic solution, when basified with ammonium hydroxide, 
precipitated a cream-colored solid which is soluble in alcohol and in acetic acid. It 
could not be induced to crystallise fiom any of these solvents and was therefore 
purified by dissolving in 5% caustic soda solution, acidification with dilute hydrochloric 
acid and finally treatment with excess of ammonium hydroxide. The solid ^7 g.), 
when dried in vacuo, begins to shrink and soften at 200® and melts at 210® to a viscous 
mass. (Found; As, 21.45; N, n.9. C,jH,40aN3As requires As, 21.84; N, 12.24 
per cent). It is readily soluble in dilute hydrochloric acid and in dilute alkali but 
insoluble in aqueous ammonia' or bicarbonate. Its acetic acid solution readily decolo- 
rises iodine solution. From its solution in 10% caustic soda solution it is precipitated 
as such when saturated with sodium chloride. The same compound (I) has been 
obtained by reacting fi-aminophenylarsenoxide with ^-cyanoacetanilide in presence of 
phosphorus oxychloride under identical conditions, which shows conclusively that (I) 
is an arsenious acid derivative and not an arsonic acid. 

The alkali-insoluble solid was crystallised twice from alcohol in cream-colored 
nfeedleS (6.5 g.), m.p. 182-84®. The constitution of this compound, which contains 
chlorine but no arsenic, could not be definitely ascertained. 

(Phefiyt)-(phenyl-4-arsenious acid)-p-cyanobenzamidine (II). — * p-Cyanobenzanilide 
has been prepared by reacting f>-cyanobenzoyl chloride (Ashley et ah, loc. cit.) with 
aniline. It melts at 178-79® (cf. Fischer and Wolter, /. prakt. Chem., 1909, ». 80 , loa). 

The method of condensation of /)-cyanobenzanilide with p-arsanilic acid and that 
of isolation of the reaction products were the same as described above. The light 
yellow solid (compound II), which is readily soluble in dilute hydrochloric acid and in 
dilute alkali but insoluble in aqueous ammonia or bicarbonate, shrinks at 220® and melts 

d— xTaxP.— xsi 
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to a viscous mass at 870*. (Pound: As, 17.87. CitHuOaNtAs requires As, 18.49 
percent). 

The alkali-insoluble solid was found to be a crude hydrochloride. The free base 
was obtained by dissolving the hydrochloride in boiling water and treating the solution 
with alkali, when a brownish solid was precipitated. It was crystallised from alcohol 
in cream-colored rectangular plates, ra.p. igo-oi®. The constitution of this compound, 
which contains chlorine but no arsenic and furnishes, when treated with alcoholic 
hydrochloric acid, a hydrochloride (ni.p. 330-22*), could not be definitely ascertained. 

(Phenyl‘^-amidino)-(phenyl-^-arsenious acid)-acetamidine (III),-— A solution of 
the compound (I, 5 g.) in dry nitrobenzene (loo c.c.) was saturated at o® with dry 
hydrochloric acid gas and the resulting solution was then kept in a closed vessel in 
the refrigerator for 6 days with occasional shaking. The imino-ether hydrochloride 
was then precipitated by addition of dry ether {400 c.c,), filtered, washed with dry 
ether and dried in a vacuum desiccator. It was treated with 15% alcoholic ammonia 
(50 c.c ) and the mixture was heated in a closed vessel at iio^-iis* for 5 hours. After 
cooling overnight, the almost colorless precipitate, which was found to consist mainly 
of ammonium chloride, was filtered and the filtrate distilled under reduced pressure 
to remove as much of alcohol as possible. The residue was treated with ammonium 
hydroxide, when a solid was obtained, It could not be induced to cryetallise from 
alcohol or any other organic solvent and was purified by solution in cold dilute alkali, 
acidification under cooling with dilute hydrochloric acid and finally treatment with 
excess of ammonium hydroxide. The brownish solid (2.8 g.), which was dried in 
vacuo, softens at 240* and melts at 250® to a viscous mass. (Pound : As, 20.13 ; N, 15.18. 
C,«Hi,0 »N4 As requires As, 20.81 ; N, 15.56 per cent). 

{PhenyD-iphenyh^-arsenious acid)-p-amidinbbemainidine (IV).— The method of 
preparation was the same as described above. The light yellow solid melts to a viscous 
mass at 303®. (Found : N, 12.94. CjsHi.OjNi As requires N, 13.27 per cent). 

{ 4 : 4 .'-Dianiidmodiphenyl)-( 4 :^'-arsenoPhenyl)-acetamidine (V).— A solution of the 
compound (III, i g.) in the requisite quantity of 5% hydrochloric acid was reduced 
by adding, with stirring, 35% hypophosphorous acid (8 c.c.) and i c.c. of 1% aqueous 
solution of potassium iodide. Soon the solution became turbid and a precipitate was 
formed. The reaction mixture, after being occasionally stirred at room temperature 
for about 3 hours, was triturated with excess of 10% cold caustic soda solution. The 
resulting light brown solid was filtered, again triturated with 10% caustic soda solution, 
filtered, washed thoroughly with water till free from chloride and dried in vacuo. It 
melts at 256-58“ (decomp.), (Pound : As, 32.3. C||H(«N(Ass requires As, 22.9 per cent). 


Bingai, iumunity Rbsbarcb Insiitvxb, 

Q»uvrth 16. 
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ON THE BROMINATION OP CRESOL 
By N. Ray 

A process of inhibiting the overbromination of the cresols has been worked out, which is fomid to 
be independent of temperature as well as of the concentration of bromine or acid added. A mechanism of 
the overbromination and of its inhibition has been explained. An easy and accurate method of estima- 
ting cresols by broniination has also been suggested. 

Cresol is a mixture of its three isomers which are present roughly in the proportion 
0: m, ^ = 35 : 40 : 25 (Chapin, /. tiioL Chem., 1921, 47 , 309). Of these the m-cresol 
(Beukema-Goudsmit, Pharm. Weekbladt 1934, 71 , 380) can easily be estimated by the 
koppeschaar’s method of bromination {Z. anaL Chem., 1876, 18,233), Auwersand 
Anselmino (Ber., 1899, 32 , 3587) showed that liquid bromine may cause substitution 
in the o- and />-methyl group or even lead to the complete replacement of the />-methyl 
group. Phenol-cresol mixture and lysol (Jarvinen, Z. anal. Chem., 1927, 71 , 108 ; 

N. Ray, unpublished data) have been estimated to a considerable degree of accuracy 
assuming a more or less arbitrary value of cresol. No general procedure, however, 
for estimating cresol by this method is known uptil now. Ruderman (Ind. Eng. Chem. 
AnaL Ed., 1946, 18 , 753) found that a number of factors, such as period of bromination, 
the acid concentration and the temperature, influenced the potential reactivity of phenols, 
which may lead to overbromination under certain conditions. The effect of concen- 
tration of reactants, however, does not appear to have been investigated so far. In 
view of the observation (Ray, Proc. J. Inst. Chem., 1944, 18 , 76) that sulphanilamide 
is liable to be overbrominated in dilute solutions but undergoes quantitative bromination 
in the nucleus only in a solution saturated with an alkali halide, it appears that the 
overbromination of cresol in dilute solutions may also be a similar phenomenon. A 
study of the effect of concentration of the reactants On the bromination of cresol is of 
interest, and the results of the work cariied so far are presented in this paper. 

Experiment Ai< 

One mole of cresol would theoretically require 4.8 moles of bromine for bromina- 
tion in the nucleus. Thus i c.c. of o.i N- NaaSaOs solution would be equivalent to 

O. 00225 g. of cresol. Relatively dilute solutions of the reactants were taken for the 
study of the degree of overbromination at the room temperature of 3 o®- 33 '** But in 
order to show the effect of high concentration of the reactants on the course of bromina- 
tion either concentrations of the reactants were so adjusted that the solvent was com- 
pletely or nearly saturated, or the solvent (water) of the reactants in a dilute solution 
was saturated by the addition of a suitable alkali halide before adding to the reactants 
the acid for evolution of bromine. 

Method.— An aqueous solution of cresol (2 c.c.) containing 6-15 mg. was reacted with 
bromine from a mixture of potassium bromide and bromate solution to which xo c.c. of i: i 
hydrochloric acid were added. This reaction was allowed for xo minutes. The reac- 
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tion with potassium iodide for liberation of iodine to be titrated against N/io-sodium 
thiosulphate was also allowed lo minutes. The reactions were all carried out in 
the dark. 

For dilute solution of the reactants 3 c.c. of 25% potassium bromide and 10 c.c. 
of o.iN- potassium bromate solution were accurately measured by a pipette, and the total 
volume of the mixture was maintained at about 50 c.c. by the addition of water, if 
necessary. 

Table I 

Overbromination of cresol in dilute solutions. 


Cresol Bromine 

taken. 



Added 

Consumed. 

Theoretically 

required. 

Bromine 
eqiiiv. corres- 
ponding to 
the potential 
reactivity o£‘ 
cresol. 

Cresol 

found 

Over- , 
bromination. 

6.01a mg. 

80 mg. 

24.39 mg. 

21.38 mg. 

5 477 

6.86 mg. 

M 1% 

6.012 

80 

24 61 

21.38 

5 535 

6.92 

J 5 I 

6.274 

80 

26.07 

22.31 

5.698 

7 33 

t6.q 

6.274 

80 

27 92 

22.31 

6 006 

785 

25.1 

6274 

80 

26.68 

22.31 

5.900 

7^54 

10.6 

6.274 

80 

27.09 

22.31 

5.828 

7.62 

21. 1 

9412 

80 

41.74 

34.35 

5-985 

11.74 

24.7 

12.548 

80 

49.87 

44.61 

5-349 

14.02 

11.8 

15-685 

80 

59-94 

55-77 

5.158 

16.86 

7.8 


Discussion 


It was found for a cresol solution containing 6.0 mg. ot cresol in 30 c.c., 4 times 
the theoretical quantity (22.0 mg.) of bromine, under the condition of the experiment, 
would overbrominate the cresol to an extent which gave (Table I) 14 to 25% too high 
VBlue for the cresol. When the quantity of cresol was increased, while keeping other 
reactants and the volume of the mixture the same, that is, with the decrease of the ratio 
of the amount of added bromine to that consumed, the degree of overbromination^ 
also showed 3 decrease, pointing to the observation of Francis and Hill (J. Amer. Chem, 
Soc., 1941, 88, 357) that with a very slight excess of bromine the overbromjnation , 
might be avoided. Table 1 will show that 1.4s fimes the required bromine i.e. sm exi , 
cess of 24 mg. of bromine over that theoretically required gave a creEol yali^ whi(^ . 
was only 7.8% too high. Remembering that the np 61 ear substitutions have the vel^Uy . 
constant (Francis, Hill and Johnston, /. Amer. Chem. Spc., 1925, ^ 7 , 221^, 
of the order of 10*, in which case no interval is necessary for bromination aifter ihe 
appearance of free bromine, it might be assutqed here that soipe bromine went oyer , 
to the methyl group (Sprung, Ind. Eng. Chem. Anal. Ed., 1941. ^8, 35) or^ fO^the ; 
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mstl^yleae quinoue (cfv Ruderuiaa, he, cit.) that might have beeo formed, where a period 
of 10 minutes was given for the bromination. 

^ On the other hand, when the volume of the solution containing the cresol was so 
adjusted that the added reactants, potassium bromide and bromatej completely or nearly 
saturated tiie solution, the bromination was found to be quantitative iTable II) for the 
nuclear substitution according to the theory. 

Tablb II 


Inhibition of overbromination. 


Cresol 

taken. 

KBr 

taken. 

KBrOa 

taken. 

HCl 

taken 

Bromine 
from the 
bromide- 
bromate 
mixture. 

VoL of the 
reactaht 
mixture. 

Satura- 

tion 

with. 

Cresol 

found. 

Rrtot. 

9.412 

750 mfiL* 

27.83 mg. 

10 c c 

80 mg. 

25 c.c 

- 

9 426 mg. 

+0 15^' 

6.274 

750 

2783 

10 

80 

20 

— 

6 322 

+0.77 

.9.41a 

750 

560 

10 

160.9 

16 

KCl-RBr 

9306 

—1. 10 

94U 

2000 

56.0 

5 

160 9 

8 

EBr 

9.068 

-3.70 

9.412 

750 

27.83 • 

10 

80 

25 

NaCl 

9.128 

-3.0Z 


1 

The saturation of the dilute solution by addition of sodium chloride before hddi 
the hydrochloric acid to the mixture of the reactants was also found to facilitate nudear 
bioniinationi .only. The above observation points to the influence of solvent (water) 
on the extranuclear bromination of cresol. The presence of more water thetf'.is 
necessary for saturation (Table 1) leads to substitution in the methyl group. 

Alkali salts are known to be highly solvated in aqueous solution. Their presoice 
in a high concentration would remove much of the free water and would thereby 
depress the solubility ot bromine. Further, the increased ionic concentration in the 
solution would diminish the activity coefficient of bromine (Hammett, “Physical Organic 
Chemistry”, New York, 1940, p. 90). Both these effects would tend to decrease the 
velocity of reaction between bromine and cresol molecules, both in the necleus and in 
the side-chain. But as the velocity constant for the nuclear bromination is very high 
compared to that in the side -chain (Francis, Hill and Johnston, loc. cit.), it may be 
suggested that due to the presence of salts, the reaction rates are reduced to such an 
extent that only the faster reaction becomes effective and the slower one does not proceed 
to any appreciable extent during the time allowed for the reaction to proceed. It is assumed 
that in the absence of the salt the nuclear substitution becomes practically instantaneous 
and that in the side chain is also sufficiently fast to be appreciable within the given 
time. 

The extranuclear bromination of cresols may be considered in the light of the 
theory of resonance also. In the bromination of cresols ii may be supposed that the 
directing influence of the hydroxyl group due to resonance would predominate over 
the inductive effect of the methyl group, and nuclear substitution would take pUce in 
the 0- and ^-positions to the -OH group. This would also hinder any tendency of 
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sttbsHtation of bromine in position meta to the -OH group (ef. Sprung, loe. eit.). 
While the resonance in the m-cresol is completely stopped by the nuclear bromination, 
it is not so in the case of o- and ^-cresols. The resonance effect (Pauling, /. Amer. 
Chem. Soc., 1936, S8, 94 ; 1935, 67 , 3705 ; 1937, 60 , 1333) may be considered to 
result in the substitution of bromine in the methyl group, presumably through the 
formation of ionic intermediates, where the methyl carbon would be linked to the 
nuclear carbon through a double bond. Such a reaction would be facilitated in a 
hydroxylic solvent (cf. Buckles, /. Amer. Chem. Soc., 1949, 71 , 1157), and thus will 
explain the effect of high concentration of alkali salts such as bromide or chloride which 
removes much of the available solvent and is found to inhibit this type of reaction (Terry 
and Eichelberger, J. Amer. Chem. Soc., 1935, 47 , 1067). 

It will thus be evident from Table II that even a great excess of bromine could not 
induce bromination at the side-chain, the reaction being in presence of a high concen- 
tration of alkali halides. The temperature of the reactions of bromination was 3o'’-33* 
which might well be considered appreciably high (cf. Ruderman, sprung, loc. cit.). 
The bromide-bromate mixtme, the acid concentration, the period of reaction and the 
total volume of the reactant mixture were varied widely, but due to the saturation of 
the solvent, the bromination became quantitatively nuclear. Further evidence is neces- 
sary for elucidating the actual mechanism of the bromination. 

The process of bromination of cresol in an acid solution, saturated with the alkali 
salt of the same acid, such as hydrochloric acid, would provide for a quick and easy 
method of estimating the cresols accurately with reproducible results. 

In conclusion, the author wishes to expre& his sincere thanks to Dr. U. P. Basu, 
D.Sc., P.N.I, for his encouragement in the work. 

Bbngai, iMUUNitY RkSSAscH LABOifiiTORY , Received July r;, 1949. 
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are property of the Swiss Chemical Society. Annually 7-8 numbers are 
published which members receive without charge. 

All correspondence concerning membership of the Swiss Chemical Society 
or subsaiptions for the HELVECTICA CHIMICA ACTA should be addressed 
to the 

SWISS CHEMICAL SOCIETY BASLE 7. 


‘BOROSIL’ 

NEUTRAL LABORATORY GLASSWARE 

Avaihhle fmm all Dealers or Firm 

INDUSTRIAL AND 

ENGINEERING APPARATUS CO., LTD. 

GHOTANl ESTATES, PROCTOR ROAD. BOMBAY 7. 

Branch O^ces: 

MADRAS. 23-24, Second Line Beach. 

NEW DELHI. Pahar Ganj Road^ Krishna Market. 

MASULIPATAM. Kojullipet. 


yi 


For Laboratory Requirements 

IV e can Supply 

ACID SULPHURIC 


Reagent Quality 

Specification: 


Nonvolatile matter 

... 0.0025 per cent 

Chloride (Cl) 

... 0.0003 

ff 

Nitrate (NO 3 ) 

. 0.00002 

f» 

Heavy Metal (Pb) 

... 0.0002 

If 

Ir<m (Fe) 

... 0.0001 

ff 

Arsenic (AS 2 O 3 ) 

.rr 0.00001 

If 

Ammonia (NH 3 ) 

.. 0.0005 

ff 

Selenium (Se) 

... 0.001 

If 

Oxygen Absorbed (0) 

... 0.001 

ff 


WE INVITE 

ORDERS AND ENQUIRIES 

FOR 

ACIDS AND CHEMICALS 
(REAGENT QUALITY) 


Bengal Chemical & Pharmaceutical Works, Ld. 

CALCUTTA : : BOMBAY 
Office : 94, Chittaranjan Avenue, Calcutta 



Phone— B. B., 8176.^ 


TolegiainB— NadUudieml. 


NADIA CHEMICAL WORKS LTD. 

C 44, 45 & 46, COLLEGE STREET MARKET, CALCUTTA. 
Manufacturers of 

1. CHEMIC ALS — Benzene* Toluene* &c.* Bromine* 
Halogen derivatives of both Organic and Inorganic 
compounds and other 6ne Laboratory C3iemicals. 

2. STILLS for distilling Essential Oils* Alcohok* 
Water, etc. 

RECTIHERS* CONDENSERS, &c. 

3. OVENS* Baths &c for Gas* Oil or Electric heatings. 

4. Scientific Apparatus (PHYSICAL, CHEMICAL* 
BIOLOGICAL, &c.) of both Glass and Metal. 

5. MICRO-ANALYSIS APPARATUS. 


Please oak /<»* Eatimates, 



Alembic CHEMICALS mean 


CHEMICALS 

ALUMINIUM HYDROXIDE 
AMYL ALCOHOL 
iETHERv^NAESTHETlC 
/ETHER SULPHURIC 
CAFFEIN CITRATE 
CALCIUM LACTATE 
CHLORAL HYDRATE 


of high quality and Purity 

D. D. T. (Technical) 

ETHYL ACETATE 
ETHYL CHLORIDE 
MAGNESIUM TRISILICATE 
POTASSIUM ACETATE 
POTASSIUM CITRATE 
POTASSIUM NITRATE 


SODIUM CHLORIDE 
SODIUM CITRATE 


RELY ON 



ALWAYS 


Kt BMRir. CHEMICAL WORKS Co. Ltd., BARODA 



LlGHT^S 

ORGANIC CHEMICALS 

' ™ II ■■■ ■■ ■ ■■ Ui Ji 1 u 

& 

NATURAL OR SYNTHETIC DRUGS 

ABE THE BEST AND THE CHEAPEST 

L« lAGMT A CO« t are prepared to aMut^orms 
vdio wish to market new Organic Chemicals and 
Drugs. If the substance had never been produced 

in bulk before, the research needed to work out an 
efficient synthesis can be undertaken. 

Production on an exclusive basis undertaken for 
Clients. 

OVER 5,000 different Organic Chemicals stocked 
by our Sole Representatives: — 

THE SCIENTIFIC SUPPLIES 
(BENGAL) CO. 

"SCIENCE BLOCK” 

C 37 a 38,CoHege Street MarfceL£^icnttB-12 

Telephone : 5.5. 524 & 1B82. Tdegkam : * 'Bitisynd^Cdcutta . 



